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% Technology and Service 


Z80 
THE INDUSTRY STANDARD 
CMOS LINE 


RELIABLE CMOS P-WELL PROCESS 


DIRECT SOCKET REPLACEMENT 
FOR STANDARD NMOS 


Main Features: 


а Emulator Compatible 


m Very Low Power Consumption 
(15 mA Typical at 4 Mhz) 


m Power Down mode Consumption less than 10 „А 


m Speeds: 2.5 Mhz and 4 Mhz available 
6 Mhz coming 


m Temperature Range: Ext. — 409 C/-- 85°C 
m Packages: Plastic, Frit-seal, 

Chip-carrier Plastic & Ceramic 
LOWER CONSUMPTION 
FOR 
HIGHER RELIABILITY 


Z80C CPU 
CMOS Version 


Features 


m The instruction set contains 158 
instructions. The 78 instructions of the 
8080A are included as a subset; 8080A 
and Z80 software compatibility is 
maintained. 


m 4MHz апа 2.5 MHz clocks for the Z80CA, 
and Z80C CPU result in rapid instruction 
execution with consequent high data 
throughput. 


m The extensive instruction set includes 
string, bit, byte, and word operations. 
Block searches and block transfers 
together with indexed and relative 
addressing result in the most powerful 
data handling capabilities in the 
microcomputer industry. 


m The Z80C microprocessors and associated 
family of peripheral controllers are linked 
by a vectored interrupt system. This 
system may be daisy-chained to allow 
implementation of a priority interrupt 
scheme. Little, if any, additional logic is 
required for daisy-chaining. 


SYSTEM 
CONTROL 


cpu 
CONTROL 


СРО 
BUS { 
CONTROL 


Duplicate sets of both general-purpose 
and flag registers are provided, easing 
the design and operation of system 
software through single-context switching, 
background-foreground programming, 
and single-level interrupt processing. In 
addition, two 16-bit index registers 
facilitate program processing of tables 
and arrays. 


There are three modes of high speed 
interrupt processing: 8080 similar, non- 
Z80 peripheral device, and Z80* Family 
peripheral with or without daisy chain. 


On-chip dynamic memory refresh 
counter. 


m Single 5V + 10% Power Supply. 


m Low Power Consumption: 


— 15 mA Typ. at 4 MHz 
— 9 mÀ Typ. at 2.5 MHz 
— Less than 10дА in Power Down mode. 


Extended Operating Temperature 
— 40°C to +85°C. 


ADDRESS 
BUS 


DATA 
BUS 


Figure 1. Logic Functions 
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General Description 


Z80 CMOS Family is fabricated using 
SGS’ CMOS Silicon Gate Technology, which 
provides low power operation and high 
performance. 

The Z80C CPU is third-generation single- 
chip microprocessors with exceptional 
computational power. They offer higher 
system throughput and more efficient 
memory utilization than comparable second- 
and third-generation microprocessors. The 
internal registers contain 208 bits of 
read/write memory that are accessible to the 
programmer. These registers include two sets 
of six general-purpose registers which may 
be used individually as either 8-bit registers 
or as 16-bit register pairs. In addition, there 
are two sets of accumulator and flag 
registers. A group of “Exchange” instructions 
makes either set of main or alternate 
registers accessible to the programmer. The 


Figure 2. Pin Configuration 
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alternate set allows operation in foreground- 
background mode or it may be reserved for 
very fast interrupt response. 

The Z80C also contains a Stack Pointer, 
Program Counter, two index registers, a 
Refresh register (counter), and an Interrupt 
register. 

The CPU is easy to incorporate into a system 
since it requires only a single +5 V power 
source, all output signals are fully decoded 
and timed to control standard memory or 
peripheral circuits, and is supported by an 
extensive family of peripheral controllers. 
The internal block diagram (Figure 3) shows 
the primary functions of the Z80C processors. 
Subsequent text provides more detail on the 
Z80C I/O controller family, registers, 
instruction set, interrupts and daisy chaining, 
and CPU timing. 
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Figure 2a. Chip Carrier Pin Configuration 
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General Description (Continued) 


8-BIT 
DATA BUS 


DATA BUS 
INTERFACE 


INSTRUCTION 
DECODER 


INTERNAL DATA BUS 


%5У -> 

амо = REGISTER 
CLOCK — ARRAY 
CPU 
TIMING тето 
CONTROL на 
ADDRESS 
LOGIC AND 
BUFFERS 
8 SYSTEMS _ 5 CPU 


AND CPU CONTROL 
CONTROL INPUTS 
OUTPUTS 


16-BIT 
ADDRESS BUS 


Figure 3. CPU Block Diagram 


CPU Registers 


Figure 4 shows three groups of registers set and an alternate set (designated 
within the CPU. The first group consists of by ' [prime], 
duplicate sets of 8-bit registers: a principal 


MAIN REGISTER SET ALTERNATE REGISTER SET 


А ACCUMULATOR FLAG REGISTER A' ACCUMULATOR F' FLAG REGISTER 


B GENERAL PURPOSE GENERAL PURPOSE B' GENERAL PURPOSE C' GENERAL PURPOSE 


D GENERAL PURPOSE GENERAL PURPOSE D' GENERAL PURPOSE E' GENERAL PURPOSE 
Н GENERAL PURPOSE GENERAL PURPOSE L' GENERAL PURPOSE 


Jum. -————A 


--------------%6В8Л8-------------- INTERRUPT FLIP-FLOPS STATUS 


peti e [7] [e] 


ІҮ INDEX REGISTER STORES IFF1 
DURING NMi 


SERVICE 


0 = INTERRUPTS DISABLED 
1 = INTERRUPTS ENABLED 


SP STACK POINTER 
INTERRUPT MODE FLIP-FLOPS 


л: 
| INTERRUPT VECTOR R MEMORY REFRESH INTERRUPT MODE 0 


0 
1 NOTUSED 
1 

+ а 8175 —————» Figure 4. CPU Registers 


INTERRUPT MODE 1 
INTERRUPT MODE 2 


4400 
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CPU Registers (Continued) 


e.g., A’). Both sets consist of the 
Accumulator Register, the Flag Register, and 
six general-purpose registers. Transfer of 
data between these duplicate sets of registers 
is accomplished by use of “Exchange” 
instructions. The result is faster response to 
interrupts and easy, efficient implementation 
of such versatile programming techniques as 
background-foreground data processing. The 
second set of registers consists of six 


registers with assigned functions. These are 
the I (Interrupt Register), the R (Refresh 
Register), the IX and IY (Index Registers), 
the SP (Stack Pointer), and the PC (Program 
Counter). The third group consists of two 
interrupt status flip-flops, plus and additional 
pair of flip-flops which assists in identifying 
the interrupt mode at any particular time. 
Table 1 provides further information on these 
registers. 


Register Size (Bits) Remarks 
A, A’ Accumulator 8 Stores an operand or the results of an operation 
ЕЕ Flags 8 See Instruction Set. 
В, B' General Ригрозе 8 Can be used separately ог аз а 16-bit register with С 
Leed General Purpose 8 See B, above. 
ER General Purpose 8 Can be used separately or as a 16-bit register with E. 
E, E General Purpose 8 See D, above 
H,H General Purpose 8 Can be used separately or as a 16-bit register with L. 
1, A Сепега! Ригрове 8 See H, above. 
Note: The (B,C), (D,E), and (H,L) sets are combined as follows: 
B-High byte C -Low byte 
D-High byte E-— Low byte 
H-High byte L-— Low byte 
I Interrupt Register 8 Stores upper eight bits of memory address for vectored interrupt processing. 
R Refresh Register 8 Provides user-trasparent dynamic mémory refresh. Lower seven bits are 
automatically incremented and all eight are placed on the address bus 
during each instruction fetch cycle refresh time. 
IX Index Register 16 Used for indexed addressing. 
IY Index Register 16 Same as IX, above. 
SP Stack Pointer 16 Holds address of the top of the stack. See Push or Pop in instruction set. 
PC Program Counter 16 Holds address of next instruction. 
IFF;-IFF; Interrupt Enable Flip-Flops Set or reset to indicate interrupt status (see Figure 4). 
IMFa-IMFb Interrupt Mode Flip-Flops Reflect Interrupt mode (see Figure 4). 
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Table 1. CPU Registers 


Interrupts: General Operation 


The CPU accepts two interrupt input 
signals: NMI and INT. The NMI is a non- 
maskable interrupt and has the highest 
priority. INT is a lower priority interrupt 
and it requires that interrupts be enabled іп 
software in order to operate. INT can be 
connected to multiple peripheral devices in a 
wired-OR configuration. 

The Z80C has a single response mode for 
interrupt service for the non-maskable 
interrupt. The maskable interrupt, INT, has 
three programmable response modes 
available. 


These are: 
m Mode 0 — compatible with the 8080 
microprocessor. 


m Mode 1 — Peripheral Interrupt service, 
for use with non-8080/Z80 systems. 


п Mode 2 — a vectored interrupt scheme, 
usually daisy-chained, for use with Z80 
Family and compatible peripheral 
devices. 


The CPU services interrupts by sampling 
the NMI and INT signals at the rising edge 
of the last clock of an instruction. Further 
interrupt service processing depends upon 
the type of interrupt that was detected. 
Details on interrupt responses are shown in 
the CPU Timing Section. 


Non-Maskable Interrupt (NMI). The non- 
maskable interrupt cannot be disabled by 
program control and therefore will be ` 
accepted at all times by the CPU. NMI is 
usually reserved for servicing only the 
highest priority type interrupts, such as that 
for orderly shut-down after power failure has 
been detected. ES 

After recognition of the NMI signal 
(providing BUSREO is not active), the CPU 
jumps to restart location 0066H. Normally, 
software starting at this address contains the 
interrupt service routine. 


Maskable Interrupt (INT). Regardless of the 
interrupt mode set by the user, the Z80C 
response to a maskable interrupt input 
follows a common timing cycle. After the 
interrupt has been detected by the CPU 
(provided that interrupts are enabled and 


BUSREO is not active) a special interrupt 
processing cycle begins. This is a special 
fetch (MI) cycle in which IORO becomes _ 
active rather than MREO, as in normal М1 
cycle. Кей 

In addition, this special МІ cycle is 
automatically extended by two WAIT states, 
to allow for the time required to 
acknowledge the interrupt request. 


Mode 0 Interrupt Operation. This mode is 
similar with the 8080 microprocessor 
interrupt service procedures. The 
interrupting device places an instruction on 
the data bus. 

This is normally a Restart Instruction, which 
will initiate a call to the selected one of eight 
restart locations in page zero of memory. 
Unlike the 8080, the Z80 CPU responds to 
the Call instruction with only one interrupt 
acknowledge cycle followed by two memory 
read cycles. 


Mode 1 Interrupt Operation. Mode 1 — 
operation is very similar to that for the NMI. 
The principal difference is that the Mode 1 
interrupt has a restart location of 0038H only. 


Mode 2 Interrupt Operation. This interrupt 
mode has been designed to utilize most 
effectively the capabilities of the Z80C 
microprocessor and its associated peripheral 
family. The interrupting peripheral device 
selects the starting address of the interrupt 
service routine. It does this by placing an 
8-bit vector on the data bus during the 
interrupt acknowledge cycle. The CPU forms 
a pointer using this byte as the lower 8-bits 
and the contents of the I register as the 
upper 8-bits. This points to an entry in a 
table of addresses for interrupt service 
routines. The CPU then jumps to the routine 
at that address. This flexibility in selecting 
the interrupt service routine address allows 
the peripheral device to use several different 
types of service routines. 

These routines may be located at any 
available location in memory. Since the 
interrupting device supplies the low-order 
byte of the 2-byte vector, bit 0 (Ag) must be 


a zero. 
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Interrupts: General Operation (Continued) 


Interrupt Priority (Daisy Chaining and 
Nested Interrupts). The interrupt priority of 
each peripheral device is determined by its 
physical location within a daisy-chain 
configuration. Each device in the chain has 
an interrupt enable input line (IEI) and an 
interrupt enable output line (IEO), which is 
fed to the next lower priority device. The 
first device in the daisy chain has its IEI 
input hardwired to a High level. The first 
device has highest priority, while each 
succeding device has a corresponding lower 
priority. This arrangement permits the CPU 
to select the highest priority interrupt from 
several simultaneously interrupting 
peripherals. 

The interrupting device disables its IEO 
line to the next lower priority peripheral 
until it has been serviced. After servicing, its 
IEO line is raised, allowing lower priority 
peripherals to demand interrupt servicing. 

The Z80C CPU will nest (queue) any 
pending interrupts or interrupts received 
while a selected peripheral is being 
serviced. 


Interrupt Enable/Disable Operation. Two 
flip-flops, ТЕЁ, and IFF;, referred to in the 
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register description are used to signal the 
CPU interrupt status. Operation of the two 
flip-flops is described in Table 2. For more 
details, refer to the Z80 CPU Technical 
Manual. 


Action IFE: IEF: Comments 

CPU Reset 0 0  Maskable interrupt 
INT disabled 

DI instruction 0 0  Maskable interrupt 

execution INT disabled 

EI instruction 1 1 Maskable interrupt 

execution INT enabled 

LD A, I instruction ° e  IFF;-Parity flag 

execution 

LD A, R instruction Ы . IFF5—Parity flag 

execution 

Accept NMI 0 IFF) IFF;—IFF; 
(Maskable interrupt 
INTdisabled) 

RETN instruction IFF; *  IFF2-IFF; at 

execution completion of an NMI 


service routine. 


Table 2. State of Flip-Flops 


Interrupts: General Operation (Continued) 


NOTE: 


(1) INT and NMI are always 
acted on at the end of an 
instruction. 


(2) BUSRO is acted on at the 


end of a machine cycle. 


(3) While the CPU is in the 
DMA MODE, it will not 
respond to active inputs on 


Ie or NMI. 


ves (4) These three inputs are acted 
BusRO on in the following order of 
ages 
BUSRO er 
1) BUSRO - - highest 
2) NMI 
3) INT -- lowest 


END OF 
INSTRUCTION 


BUSRG 
RESET 
BUSRO FIF 


yes NON 
MASKABLE 
INTERRUPT 

| NO 
| мо YES MASKABLE 
INTERRUPT 

MODE 
5-8095 


CPU Interrupt Sequence 


7/85 


Instruction Set 


The Z80C microprocessor has one of the 
most powerful and versatile instruction sets 
available in any 8-bit microprocessor. It 
includes such unique operations as a block 
move for fast, efficient data transfers within 
memory or between memory and I/O. It also 
allows operations on any bit in any location 
in memory. 

The following is a summary of the Z80C 
instruction set and shows the assembly 
language mnemonic, the operation, the flag 
status, and gives comments on each 
instruction. The 280 CPU Technical Manual 
and Z80 CPU Programming Manual! contain 
significantly more details for programming 
use. 


The instructions are divided into the 
following categories: 


n 8-bit loads 
о 16-bit loads 


п Exchanges, block transfers, and 
searches 


8-bit arithmetic and logic operations 


General-purpose arithmetic and CPU 
control 
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16-bit arithmetic operations 
Rotates and shift 

Bit set, reset, and test operations 
Jumps 


Calls, returns, and restarts 


Hoe = P a 


Input and output operations 


A variety of addressing modes are 
implemented to permit efficient and fast data 
transfer between various registers, memory 
locations, and input/output devices. These 
addressing modes include: 


Immediate 
Immediate extended 
Modified page zero 
Relative 

Extended 

Indexed 

Register 

Register indirect 
Implied 

Bit 


Eb E od oo Ek Ei bo E 


8-Bit Load Group 


Symbolic Flags Opcode No.of No.of M No.of T 
Mnemonic Operation 5 7 H рун С 76 543 210 Hex Bytes Cycles States Comments 
LDr, ei rtt LAE E. X * = т Ol r e 1 1 4 г.г’ Reg. 
LDr, n r-n we E Rhee owe 9 ж 00 г 110 2 2 7 00 В 
-n- ool С 
LD r, (HL) r — (HL) өле X we X ow ж ж 01 г 110 1 2 7 010 D 
LD r, (IX+d) т-(ІХжд) SS X « X es = 11 011 101 DD 3 5 19 oll E 
01 г 101 100 H 
-а- 101 L 
LD r, (I¥+d) г- (IY +d) ая» 11 111101 FD 3 5 19 lli A 
01 г 110 
s dies 
LD (HL), r (HL) -r e 9$» $* Sg $ 01 110 г 1 2 7 
LD(üX«d)r (Х+9-г e e X * X, e ж @ 11011 101 DD 3 5 19 
01 110 r 
-d= 
LD (IY +9),г (Ү+9) – г e we ES m S&S ж 11 111 101 FD 3 5 19 
01 110 г 
-d- 
LD (HL), n (HL) ~ n cet X ow юа» ж 00 110 110 36 2 3 10 
enc. 
LD (1% +9), п (IX+d)—n » e X o£ Sg S 11 011 101 DD 4 5 19 
00 110 110 36 
-d- 
— 
LD(IY+d),n (lY«d)—n өз X e X € wo 1111 101 FD 4 8 19 
00 110 110 36 
diss 
— 
LD A, (BC) А — (BC) ww E e Ж жЕ Ж. 00 001 010 OA 1 2 7 
LD A, (DE) A — (DE) Sr эш ж 00011010 1A 1 2 7 
LD A, (nn) А - (nn) өз Ша E o. ww ов 00 111 010 ЗА 3 4 13 
dicm 
-n- 
LD(BC) A (ВС) — А oe у ж» e 00 000 010 02 1 2 Ж 
LD (DE), А (DE — A eet E X а ж 00 010 010 12 1 2 x 
LD (nn), A (nn) - A е X e X € w ж 00 110 010 32 3 4 13 
- n 
=g 
LDA, 1 А-1 pop X 0 хо = 11 101 101 ED 2 2 9 
01 010 111 57 
LDA,R A-R rp x X 0 X TRF O e 11 101101 ED 2 2 9 
01 011 111 SF 
LDI, A I-A SS Fe X » e ө 11 101 101 ED 2 2 9 
01000111 47 
LDR,A R-A S w X « "Es € ж 11 101 101 ED 2 2 9 
01 001 111 AE 


NOTES: г. г” means апу ol the registers А. B. С, D, Е, Н, L 
IFF the content of the interrupt enable flip-flop, (IFF) is 
copied into the P/V flag. 
For an explanation ol {lag notation and symbols for 
mnemonic tables, see Symbolic Notation section 
following tables. 
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Symbolic Flags Opcode No.of No.of M No.of T 
Mnemonic Operation S Z H P/V N C 76 543 210 Hex Bytes Cycles States Comments 
LD dd, nn dd — nn S SS e X ew » 00 ddO 001 3 3 10 dd Pair 
-n- 00 BC 
-n- 01 DE 
LD IX, nn IX — nn SS Se X э» а 11 011 101 DD 4 4 14 10 HL 
00 100 001 21 11 5Р 
em 
_й— 
LD IY, nn IY — nn we * X EK * * ж 11 111 101 FD 4 4 14 
00 100 001 21 
Pa 
aes 
LD HL, (nn) Н = (пп+ 1) SS э X Sa » 00 101 010 2A 3 5 16 
L — (nn) -n 
ssis 
LD dd, (nn) Чан — (nn+1) SS X * X e өз 11 101 101 ED 4 6 20 
dd; — (nn) 01 ddl 011 
paar on 
— 
LD IX, (nn) IXH — (nn 1) * X SG ғ » X 11 011 101 DD 4 6 20 
Dt - (nn) 00 101 010 2A 
— 
— 
LD IY, (nn) IYy = (nn+1) ae he SS СВ 11 111 101 FD 4 6 20 
IYL — (nn) 00 101 010 2A 
-— =: 
— 
LD (nn), HL (пп+1) — H eee w SS ж » 00 100 010 22 3 5 16 
(nn) -L -n= 
ann 
LD (na), dd (nn+1) — ddy € Ww ZS SS wë SS 11 101 101 ED 4 6 20 
(nn) — ddr, 01 ado 011 
pci 
— 
LD (nn), IX (пп +1) — IXH e e X © X o o ЮО 4 6 20 
(nn) — IXL 00 100 010 22 
eget 
— 
LD (nn), IY (пп+ 1) — IYy eee ww S5 Go WM 9 11 111 101 FD 4 6 20 
(nn) - IYL 00 100 010 22 
“na 
— 
LD SP, HL SP - HL X Хх. . 11 111 001 F9 i 1 6 
LD SP, IX SP — IX X X . П 011 101 DD 2 10 
11 111 001 F9 
LD SP, IY SP ~ IY сқ JU ww X Ww Б. 11 111 101 FD 2 2 10 
11 111 O01 F9 qq — Par 
PUSH qq (5Р-2) - 991, ee X € X е ж € 11 990 101 1 3 п 00 BC 
(SP-1) - аан 01 DE 
SP — SP -2 10 HL 
PUSH IX (5Р-2) - IX, SS xw ЖЕ ЖЕ x» 11 011 101 DD 2 4 15 11 АЕ 
(SP-1) — IXH 11 100 101 ES 
SP — SP -2 
PUSH IY (SP-2) — IYL SS X 9 X € € * 11 111 101 FD 2 4 15 
(SP-1) ~ МН 11 100 101 ES 
SP SP -2 
POP qq чан - (SP +1) se SS x X ow» жж 11 440 001 1 3 10 
дат. ~ (SP) 
SP — SP +2 
POP IX IXH — (SP +1) SS D s xXx «жө 11 011 101 DD 2 4 14 
IX, ~ (SP) 11 100 001- El 
SP — SP +2 
POP IY IYH = (SP +1) SS X w X e ж ж 11 111 101 FD 2 4 14 
IYL - (SP) 11 100 001 El 
SP — SP +2 


NOTES dd 1з any of the register pairs ВС. DE. HL, SP 
qq is any of the register pairs AF, ВС. DE, HL 
(PAIR), (PAIR), reter to high order and low order eight bits of the register pair respectively 
e.g.. BCL = C AFH= A 
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Exchange, Block Transfer, Block Search Groups 


EX DE, HL DE ~ HL € è X x © 11 101 011 EB 1 1 4 
EX AF, AF AF ~ AF’ e э X X я 00 001 000 08 1 1 4 
ЕХХ BC ~ BC’ ох E e 11 011 001 D9 1 1 4 Register bank and 
DE — DE’ auxiliary register 
HL ~ HU bank exchange 
EX (SP), HL H = (SP +1) е ж X X 11 100 011 ЕЗ 1 5 19 
L = (SP) 
EX (SP), IX IXg = (SP +1) е Ww Ж X € 11 011 101 DD 2 6 23 
IX, - (SP) 11 100 011 ЕЗ 
EX (SP), IY ТҮҢ - (SP +1) e = X X * 11111 101 FD 2 6 23 
IYL — (SP) 11 100 011 E3 
L . à Фо 
LDI (DE) — (HL) ых X ! 11 101 101 ED 2 4 16 Load (HL) into 
DE ~ DE«1 10 100 000 AO (DE), increment 
HL ~ HL+1 the pointers and 
BC ~ BC-1 degrement the byte 
counter (BC) 
LDIR (DE) — (HL) & e X X 0 11 101 101 ED 2 5 21 ЕВС #0 
DE — DE+1 10 110 000 BO 2 E l6 It BC =0 
HL - HL+1 
BC – BC-1 
Repeat until 
BC =0 
© 
LDD (DE) — (HL) . e X ха 11 101 101 ED 2 4 16 
DE - DE-1 10 101 000 АВ 
HL ~ НІ.-1 
BC - BC-1 
LDDR (DE) — (HL) e м X X 0 11 101 101 ED 2 5 21 If BC +0 
DE — DE-1 10 111 000 B8 2 4 16 If BC = 0 
HL — HL-1 
BC = BC-1 
Repeat until 
ВС = 0 
Ф © 
CPI A - (HL) 1: X т 11 101 101 ED 2 4 16 
HL — HL+1 10 100 001 Al 
BC – BC-1 
Ф ® 
CPIR A - (HL) Y dq Ж X |!» 11 101 101 ED 2 5 21 If BC # 0 and 
A # (HL) 
HL ~ HL+1 10 i10 001 Bl 2 4 16 If BC = Оог 
BC - BC-1 A - (HL) 
Repeat until 
A = (HL) or 
ВС-0 
o © 
CPD A - (HL) ї Ж X х! 11 101 101 ED 2 4 16 
HL — HL~1 10 101 001 AQ 
BC - BC-1 
© © 
CPDR A - (HL) т X xX ! 11 101 101 ED 2 5 21 If BC # Oand 
A # (HL) 
HL — HL-1 10 111 001 B9 2 4 16 If BC = Oor 
BC - BC-1 A = (HL) 
Repeat until 
A = (HL) or 
ВС =0 
NOTES Qo P/V flag 15 O if the result of BC-! = 0, otherwise P/V = | 


(О) 2 eg is lit A = (HL), otherwise Z = 0 
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8-Bit Arithmetic and Logical Group 


Symbolic Flags Opcode No.of No.of M No.of T 
Mnemonic Operation S 7 H P/V N С 76 543 210 Hex Bytes Cycles States Comments 
ADDA г А-А+г uu RR 1 1 1 4 т Reg. 
ADD А, п A-Arn bob X TX Ww 8 | 2 2 7 000 B 
00! С 
010 D 
ADDA,(HL) A-A + (HL) pod X 4 X wv W d 1 2 7 011 Е 
ADD A (IX+d) А ~ А + (ІХ +9) ey X p X v ва DD 3 5 19 100 H 
101 L 
11 А 
ADD А, (IY +d) А ~ A + (IY +d) HS St eM D E FD 3 5 19 
ADC А, = А ~ А+з+СУ ENR X p o y B Y s is any of г, n, 
5 (HL), (IX+d), 
SUB s A-A-s Ske o: X 9» X d UT cd) as show 
SBC A, s А ~ A-s-CY "op WS oL X V 4 lor ADD instruction. 
AND s А-Алз ry y *X xd ee 
replace the [000] in 
Oie Zb BO £X DO Б. the ADD set above. 
XOR s A-Aes 1 Ж X 0 X P 0 
CPs A-s pos Xx o: X ow d d 
INC г rere p to X d Xoy D e 00 1 4 
INC (HL) (HL) —(HL) +1 2 p ST X Ww Oo is 00 1 3 11 
INC (IX +d) (IX +d) - Е io v U ow 11 DD 3 6 23 
(1Х+а)+1 00 
INC (IY +d) üY«d)- 4 rn op Ж ШЕ SE ZE ` 11 FD 3 6 23 
ПҮ+а)+1 00 
DEC m m-m-i t o» mo: X ow om ж ІШІ | m is any of r, (HL), 


(IX +d), (IY +d) 
as shown for INC. 
DEC same format 
and states as INC. 
Replace with 
w in opcode. 
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General-Purpose Arithmetic and CPU Control Groups 


Symbolic Flags Opcode No.of No.of M No.of T 
Mnemonic Operation 8 7 H P/VN C 76 543 210 Hex Bytes Cycles States Comments 
DAA Converts асс. content 1 1 X 1 X P è | 00 100 111 27 1 1 4 Decimal adjust 
into packed BCD accumulator. 


following add or 
subtract with packed 
BCD operands. 


CPL A-A & Ww 3 d EC Ob «= 00 101 111 2F 1 1 4 Complement 
accumulator (one’s 
complement). 

NEG А-0-А th og X 45 XM oW B 11 101 101 ED 2 2 8 Negate acc. (two's 

i 01 000 100 44 complement), 

CCF СУ - СҮ S e SE 6 X € 10 T 00 111 111 3F 1 1 4 Complement carry 
flag. 

SCF CY -1 SS Ze UU SS D? 00 110 111 37 1 1 4 Set carry flag 

NOP No operation e e X X а © ә 00 000 000 00 1 1 4 

HALT CPU halted Se we SS ө % 01 110 110 76 ! 1 4 

Dis IFF — 0 ce ө» wu 11 110011 ЕЗ 1 1 4 

El + IFF — 1 em Se Fee а 11 111 01: FB 1 1 4 

IMG Set interrupt «ее Хе X е 9 e 11 101 101 ED 2 2 B 

mode 0 01 000 110 46 
IM | Set interrupt we ow X а X e ж e 11 101 101 ED 2 2 B 
mode 1 01 010 110 56 
ІМ 2 Set interrupt x e X wv X € w в 11 101 101 ED 2 2 B 
mode 2 01 011 110 БЕ 
NOTES. Е indicates the interrupt enable tlip-flop 
CY indicates the carry flip-flop 
* indicates interrupts are nc! sampled at the end ot El ог DI 
16-Bit Arithmetic Group 
ADD HL, ss HL - HL «ss * $9 SS Se rit 00 ssl 001 1 3 11 ss Reg. 
00 BC 
ADC HL, ss HL ~ HL+ss+CY ) gd uw X X V O d 11 101 101 ED 2 4 15 01 DE 
01 ssi 010 10 НІ. 
11 SP 
SBC HL, ss HL - HL -ss- CY KS X SM d 11 101 101 ED 2 4 15 
01 ss0 010 
ADD IX, pp IX ~ IX + pp » SS X X v 0% il O11 101 DD 2 4 15 Reg. 
01 рр! 001 Бас 
01 DE 
10 IX 
И SP 
ADD ІҮ, rr IY — 1Y + rr e e X X X we 0 d 11 iH 10! FD 2 4 15 т Reg 
00 тг! 001 00 ВС 
Ol DE 
10 IY 
11 SP 
INC ss ss — ss + 1 X =} э € ж 00 550 011 1 1 6 
ІКСІХ IX-IX +1 Se Rin жж 11 011 101 DD 2 2 10 
00 100 011 23 
INC IY IY- IY «1 ез gk e $ ww Е.а 11 111101 FD 2 2 10 
00 100 011 23 
DEC ss ss = 585-1 еш X А, = ® 00 551 011 1 1 6 
DEC IX IX — IX-1 э ө Ж KE ә ж а 11 Cil 101 DD 2 2 10 
00 101 011 2B 
DEC IY IY - IY-1 er Rem e ө ж 11 111 101 FD 2 2 10 
00 101 011 28 


NOTES. зз 1з апу of the register pairs BC, DE. HL. SP. 
рр 1з any of the register pairs BC. DE, IX, SP. 
rr 15 any of the register pairs ВС, DE, IY. SP. 
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Rotate and Shift Group 


Symbolic Flags Opcode No.of No.of M No.of T 
Mnemonic Operation H рун C 76 543 210 Hex Bytes Cycles States Comments 
RLCA oe r 0 12 000011 07 1 4 Rotate lett circular 
D accumulator 
RLA c] 7—0 0 t 000011 17 1 40 Rotate left 
A accumulator 
RRCA CaS Le 0 | 00001 111 OF 1 4 Rotate right circular 
"A accumulator 
RRA 7--0 0 1 00 011 11 IF i E Rotate right 
A accumulator 
RLC г 0 1 11 001 011 CB 2 8 Rotate lett circular 
00 000 r register r 
RLC (HL) 0 1 11001011 CB 2 (іі EL HER 
00 000 11 A 
110 001 
auc их +) 9-7——]-] 0 i loli DD 4 ж n р 
r (HL) (IX + d) (IY +d) 11 001 011 CB 100 H 
Ed de wm. d 
00 000 110 nt A 
RLC (IY +d) 0 1 11111101 FD 4 23 
11 901 011 CB 
= idi ost 
Instruction format 
Ka SS 00:000019 and states are as 
RLm 0 1 010 shown fer RLC's. 
mær, (HI) + 9).(1У +d) Tc form new 
opcode replace 
RRC m о 1o 000 orRLCs 
mær,(HL).{IX +d), (Y +d) 
with shown code, 
RR m ES [ev 0 1 [on] 
mer (НЫ), (ІХ + d), (IY +d) 
SLA m [e] —L 7— о 0 : 
mar (HL), IX жа) (IY +d) 
SRA m mu 1 0 1 
mos r(HL) X d) IY +d) 
SRLm = 9-[7— 9 5 [69] 0 1 m 
mamr,(HL).(IX + а), (IY +d) 
RLD 1-4|3-0 7-4|3-0 0 H 11101 101 Ер 2 18 Rotate digit left and 
Nob шр 01101 1 ep right between 
the accumulator 
= and location (HL) 
RRD [rz3 [379] —] DEED 0 « 11101101 ED 2 18 Тһе content of the 
P TE 0110011] e upper half of 
the accumulator is 
unaffected 


7/85 


Bit Set, Reset and Test Group 


Symbolic Flags Opcode No.of No.of M No.of T 
Mnemonic Operation 8 7 H рун с 76 543 210 Hex Bytes Cycles States Comments 
BIT b, г 2-ть › 3 X I = 11 001 011 CB 2 2 8 г Reg. 
же Ol b r em 
BIT b, (HL) 2- (HDp X P$ X r X X 0 * 11 001 011 СВ 2 3 12 01 C 
Ы. 01 b 110 010 D 
BIT b, (IX « d)p Z — (IX * d) X |) X vr SS a * 11 011 101 DD 4 5 20 011 E 
11 001 011 CB 100 H 
-d- 101 L 
0l b 110 11 А 
b Bit Tested 
BIT b, (IY +d), 2 — (IY + d)p ‚ Ж ШЕ D X ef e 11 11] 101 FD 4 5 20 000 0 
11 001 011 CB 001 1 
= а = 010 2 
0l b 10 oll 3 
100 4 
101 5 
110 6 
" n 7 
SET b, r ъ-1 ж а ZS e SS ж. 11 001 011 CB 2 2 8 
M> r 
SET b, (HL) (HL)p = 1 өзе x € X € w * 11 001 011 CB 2 4 15 
Шь no 
SET b, (IX+d) (IX«d)g— 1 GL и ЖЕ МЕ ШЕ ж 11 011 101 DD 4 6 23 
11 001 011 CB 
= di = 
O ь 110 
SET b. (IY+d) (IY+d)þẹ — 1 e e X * X © e э 11111101 4 6 23 
11 001 011 СВ 
- а — 
O b no 
RES b, m mp — 0 se X «© X 5555 fg To form new 
mer, (HL), opcode replace 
Ix «di, ІШ of SET b. s 
(ied) with [0]. Flags 


and time states for 
SET instruction. 


NOTES Тһе notation mp indicates bit b (0 to 7) or location т 


Jump Group 
JP nn PC - nn e w Xx € X * ws. 11 000 011 C3 3 3 10 
= m 
-n = cc Condition 
ІР сс, nn If condition сс is e ж o *- X € ев 11 сс 010 3 3 10 000 NZ non-zero 
true PC - nn, = в = 001 Z zero 
otherwise -n- 010 NC non-carry 
continue 01] C carry 
100 PO parity odd 
101 PE parity even 
110 P sign positive 
Же РС — РС+е cece exe w e 00 011 000 18 2 3 12 111 M відп negative 
= p2 = 
IRC,e НС = 0, SS X e X € е 6 00 111 000 38 2 2 7 1f condition not met. 
continue = е-2 – 
ШС = 1, 2 3 12 If condition is met. 
PC ~ РС+е 
ЈА NC, e ШС = 1, w * X ow SS = ж 00 110 000 30 2 2 7 If condition not met. 
continue -е-2- 
НС = 0, 2 3 12 If condition is met. 
РС — РС+е 
JPZe #2 =0 SS X ow X ss ә 00 101 000 28 2 2 7 If condition not met. 
continue -е-2- 
12-1, 2 3 12 If condition is met. 
PC - PC+e 
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Jump Group (Continued) 


Symbolic Flags Opcode No.of No.of M No.of T 
Mnemonic Operation 8 7 H PVN C 78 543 210 Hex Bytes Cycles States Comments 
IR NZ, e EZ st, ow 5 e QE we ww e 00 100 000 20 2 2 a И condition not met. 
continue -е-2- 
12-0, 2 3 12 If condition is met. 
PC - PC+e 
JP (HL) PC — HL cet © X e om x 11 101 001 ES d 1 4 
JP (IX) PC — IX ee X 9 фаза 11 011 101 DD 2 2 в 
11 101 001 E9 
ІР (IY) PC — IY Sats Fe € ж 11 111 101 FD 2 2 8 
11 101 001 E9 
DINZ, e B-B-1 SS а Be ж 00 010 000 10 2 2 8 НВ «0. 
ИВ = 0, -е-2- 
continue 
ИВ #0, 2 3 13 ШВ #0 
РС ~ PC+e 


NOTES: e represents the extension in the relative addressing mode. 
ө is a signed two's complement number in the range < - 126, 129 >. 
е- 2 in the opcode provides an effective address of рс +e as PC is incremented 
by 2 prior to the addition of e. 


Call and Return Group 


CALL nn (SP-1) ~ РСН оо Хо Хоф 11 001 101 CD 3 ч 17 
(5Р-2) — PCL = в = 
РС — nn = п = 
CALL сс, пп Ш condition ce Se X se e 11 cc 100 3 3 10 If cc ıs false. 
cc is false м = 
continue, = n - 3 5 17 И cc 15 true. 
otherwise same as 
CALL nn 
RET PCy = (SP) e s X « y ss ® 11 001 001 C9 1 3 10 
PCH ~ (SP +1) 
RET cc If condition SS Ee ow s 11 cc 000 1 1 5 If cc 13 false. 
сс is false 
continue, 1 3 11 If cc is true. 
Sen сс Condition 
000 NZ non-zero 
RET 0012 zero 
RETI Return from ss X © X © © © 11101101 2 4 14 210 Ес POR GARY 
carry 
interrupt 01 001 101 4D 100 PO parity odd 
RETN? Return from oe X 5» X 9 * v PME 2 4 14 
101 РЕ parity even 
non-maskable 01 000 101 45 ПОР sign positive 
interrupt 111 М sign negative 
RST p (SP-1) — РСН eons X € Wd e e * Lb $ XM jj 3 11 t p 
(5Р-2) - PCL 000 00H 
PCH - 0 001 08H 
PCL ~ р 010 10H 
011 18H 
100 20H 
101 28H 
110 30H 
111 38H 


NOTE: 'RETN loads IFF2 — IFF} 
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Input and Output Group 


INIR 


OUTD 


OTDR 


Symbolic 
Operation 


А - (n) 


г- (C) 
ifr = 110 only the 
flags will be affected 


(HL) - (С) 
B-B-1 
HL-HL +1 
(HL) - (С) 
B-B-1 

HL ~ HL + 1 
Repeat until 
B=0 


(HL) — (C) 
B-B-1 
HL ~ HL-1 
(HL) - (C) 
B-B-1 
HL ~ HL-1 
Repeat until 
B=0 

(п) -А 


(С) -г 


(С) - (HL) 
B-B-1 

HL ~ HL +1 
(С) - (HL) 
B-B-1 

HL - HL +1 
Repeat until 
B=0 


(C) — (HL) 
B-B-1 
HL - HL-1 


(C) - (HL) 
B-B-1 
HL - HL-! 
Repeat until 
В-0 


рун с 


PD e 
X 1» 
X i w 
x or % 
X lie 
оо 


No.of No.of М No.of T 


Opcode 
76 543 210 Hex Bytes Cycles States 


11 011 011 DB 


1 
01 


11 
10 


11 
10 


11 
10 


п 
101 


г 


101 
1 


101 


101 
011 


ED 


ED 


2 3 11 

2 3 12 

2 4 16 

2 5 21 
(If B#0) 

2 4 16 
(If B=0) 

2 4 16 
2 5 21 
(If B0) 

2 4 16 
(If B=0) 

2 3 11 
2 3 12 
2 4 16 
2 5 21 
(If Ben 
2 4 16 
(If B=0) 

2 4 16 
2 5 21 
f B#0) 

2 4 16 
(If B=0) 


Comments 
nto Ag ~ Ал 
Асс. to Ag ~ Ais 
Cto Ag ~ An 
Bto Ag ~ Ais 
Cto Ag ~ An 
Вю Ag ~ As 
Cto Ag ~ A7 
B to Ag - Ajs 
C to Ag - A7 
Bto Ag ~ Ajs 
C to Ag ~ A7 
B to Ag ~ Ajs 
nto Ag ~ A7 
Асс. to Ag ~ Ais 
C to Ag - Ал 
Вю Ag ~ Ais 
C to Ао - Ат 
B to Ag ~ Ais 
C to Ag - А? 
B to Ag ~ Ais 
C to Ag ~ A7 
B to Ag ~ Ais 
C to Ag ~ A7 
B to Ag ~ Ais 


NOTE: © If the result of B- | is zero the Z flag is set, otherwise it is reset. 
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Summary of Flag Operation 


Symbol Operation Symbol Operation 

5 Sign flag. S = 1 if the MSB of the result is 1. t The flag is affected according to the result of the 

2 Zero flag. 2 = 1 if the result of the operation is 0. operation. 

P/V Parity or overflow flag. Parity (P) and overflow Ы The flag is unchanged by the operation. 

(V) share the same flag. Logical operations affect 0 The flag is reset by the operation. 

this flag with the parity of the result while 1 The flag is set by the operation. 

arithmetic operations affect this flag with the X The flag is a "don't care.” 

overflow of the result. If P/V holds parity, P/V = M P/V flag affected according to the overflow result 
1 if the result of the operation is even, P/V = 0 if of the operation. 

result is odd. If P/V holds overflow, P/V = 1 if Р P/V tlag affected according to the parity result of 
the result of the operation produced an overflow.. the operation. 

H Half-carry flag. Н = 1 if the add or subtract г Any one of the CPU registers А, B, C, D, E H, L. 
operation produced a carry into or borrow from s Any 8-bit location for all the addressing modes 
bit 4 of the accumulator. allowed for the particular instruction. 

N Add/Subtract flag. N = 1 if the previous opera- ss Any 16-bit location for all the addressing modes 
tion was a subtract. allowed for that instruction. 

HSN Напа flags are used in conjunction with the ii Any one of the two index registers IX or IY. 
decimal! adjust instruction (DAA) to properly cor- R Refresh counter. 
rect the result into packed BCD format following n 8-bit value in range < 0, 255 >. 
addition or subtraction using operands with nn 16-bit value in range < 0, 65535 >. 
packed BCD format. 

© Carry/Link flag. С = 1 if the operation produced 
a carry from the MSB of the operand or result. 

Symbolic Notation 

D; Do 

Instruction s 7 н рун с Comments 

ADD А, в; ADC A, s 1 p X В X wv 0 1 B-bit add ог add with carry. 

SUB s; SBC A, s, CP s; NEG В t X АХ Vg В 8-bit subtract, subtract with carry, compare and negate accumulator. 

AND s Lg 93 Y ЕР 0 0 } 

OR з, XOR в тз X б X P 0 of Loesloperaons 

INC s гч X T?» X Y 0 ж B-bit increment. 

DEC s 1 ілі SW Y» * 8-bit decrement. 

ADD DD, ss . “ч Ж x X * 0 1 16-bit add. 

ADC HL, ss П Lr X Xx X Y DO i 16-bit add with carry. 

SBC HL, ss tod A ES wv P 3 16-bit subtract with carry. 

RLA, RLCA, RRA; RRCA * w X 9 X 4 O0 i! Rotate accumulator. 

RL m; RLC m; RR m; IF x Je ee O0 m Rotate and shift locations. 

RRC m; SLA m; 
SRA m; SRL m 

RLD; RRD 1 p Xx Q0 X P D 8 Rotate digit left and right 

DAA 1 po X RP * qd Decimal adjust accumulator. 

CPL е e SA X» ow d w Complement accumulator. 

SCF & XS X» RK = 0 3d Set carry. 

CCF өз Іі X X v H 3 Complement carry. 

IN r (C) 1 17Х О X P O e Input register indirect 

INI, IND, OUTI; OUTD X v ZS X X X à = - 

INIR; INDR; OTIR; OTDR xy Go X Rh OG X d 2) Block input and output. Z = ОНВ B ж 0 otherwise Z = 0. 

SE x ERETO 4 Block transfer instructions. P/V = 1 if BC ж 0, otherwise P/V = 0. 

CPI; CPIR; CPD; CPDR x В X X X 1 $ . Block search instructions. Z = lif A = (HL), otherwise 2 = 0. P/V = 1 

if BC + 0. otherwise P/V = 0. 
LD A, I, LDA, R 1 X 0 X FF 8 е The content of the interrupt enable flip-flop (IFF) :s copied into the P/V flag. 
ВІТЬ, s » E > Ж X The state of bit b of location s 1s copied inte the Z flag. 
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Pin Descriptions 


Ay-Aj;. Address Bus (output, active High, 
3-state). Ap-Ajs5 form а 16-bit address bus. 
The Address Bus provides the address for 
memory data bus exchanges (up to 64K 
bytes) and for I/O device exchanges. 
BUSACK. Bus Acknowledge (output, active 
Low). Bus Acknowledge indicates to the 
requesting device that the CPU address bus, 
data bus, and control signals MREQ, IORQ, 
RD, and WR have entered their high- 
impedance states. The external circuitry can 
now control these lines. 

BUSREQ. Bus Request (input, active Low). 
Bus Request has a higher priority than NMI 
and is always recognized at the end of the 
current machine cycle. BUSREQ forces the 
CPU address bus, data bus, and control 
signals MREO, IORQ, RD, and WR to go to 
a high-impedance state so that other devices 
can control these lines. BUSREO is normally 
wire-ORed and requires an external pullup 
for these applications. Extended BUSREO 
periods due to extensive DMA operations can 
prevent the CPU from properly refreshing 
dynamic RAMs. 

Do-D;. Data Bus (input/output), active High, 
3-state). Do-D; constitute an 8-bit 
bidirectional data bus, used for data 
exchanges with memory and I/O. 

HALT. Halt State (output, active Low). HALT 
indicates that the CPU has executed a Halt 
instruction and is awaiting either a non- 
maskable or a maskable interrupt (with the 
mask enabled) before operation can be 
resumed. 

While halted, the CPU executes NOPs to 
maintain memory refresh. 

INT. /nterrupt Request (input, active Low). 
Interrupt Request is generated by I/O 
devices. The CPU honors a request at the 
end of the current instruction if the internal 
software-controlled interrupt enable flip-flop 
(IFF) is enabled. INT is normally wire-ORed 
and requires an external pullup for these 
applications. 

IORQ. Input/Output Request (output, active 
Low, 3-state). IORQ indicates that the lower 
half of the address bus holds a valid I/O 
address for an I/O read or write operation. _ 
IORQ is also generated concurrently with MI 
during an interrupt acknowledge cycle to 


indicate that an interrupt response vector 
can be placed on the data bus. 

MI. Machine Cycle One (output, active Low). 
MI, together with MREQ, indicates that the 
current machine cycle is the opcode fetch 
cycle of an instruction execution. M1, 
together with IORQ, indicates an interrupt 
acknowledge cycle. 

MREQ. Memory Request (output, active 
Low, 3-state). МВЕО indicates that the 
address bus holds a valid address for a 
memory read or memory write operation. 
NMI. Non-Maskable Interrupt (input, 
negative edge-triggered). NMI has a higher 
priority than INT. NMI is always recognized 
at the end of the current instruction, 
independent of the status of the interrupt 
enable flip-flop, and automatically forces the 
CPU to restart at location 0066H. 

RD. Read (output, active Low, 3-state). 

RD indicates that the CPU wants to 

read data from memory or an I/O device. 
The addressed I/O device or memory should 
use this signal to gate data onto the CPU 
data bus. 

RESET. Reset (input, active Low). RESET 
initializes the CPU as follows: it resets the 
interrupt enable flip-flop, clears the PC and 
Registers I and R, and sets the interrupt 
status to Mode 0. During reset time, the 
address and data bus go to a high- 
impedance state, and all control output 
signals go to the inactive state. 

Note that RESET must be active for a 
minimum of three full clock cycles before the 
reset operation is complete. 

RFSH. Refresh (output, active Low). RFSH, 
together with MREQ, indicates that the lower 
seven bits of the system's address bus can be 
used as a refresh address to the system's 
dynamic memories. 

WAIT. Wait (input, active Low). WAIT 
indicates to the CPU that the addressed 
memory or I/O devices are not ready for a 
data transfer. The CPU continues to enter a 
Wait state as long as this signal is active. 
Extended WAIT periods can prevent the 
CPU from refreshing dynamic memory properly. 
WR. Write (output, active Low, (3-state). 
WR indicates that the CPU data bus 

holds valid data to be stored at the 
addressed memory or I/O location. 
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CPU Timing 


The Z80C CPU executes instructions by 
proceeding through a specific sequence of 
operations: 


m Memory read or write 
m I/O device read or write 
m Interrupt acknowledge 


The basic clock period is referred to as a 
T time or cycle, and three or more T cycles 
make up a machine cycle (M1, M2 or M3 for 
instance). Machine cycles can be extended 
either by the CPU automatically inserting 
one or more Wait states or by the insertion 
of one or more Wait states by the user. 


CLOCK 


Ao-A15 


Do-D7z 


Instruction Opcode Fetch. The CPU places 
the contents of the Program Counter (PC) on 
the address bus at the start of the cycle 
(Figure 5). Approximately one-half clock 
cycle later, МЕЕО goes active. When active, 
RD indicates that the memory data can be 
enabled onto the CPU data bus. 

The CPU samples the WAIT input with the 
falling edge of clock state T;. During clock 
states T4 and T4 of an MI cycle dynamic 
RAM refresh can occur while the CPU starts 
decoding and executing the instruction. 
When the Refresh Control signal becomes 
active, refreshing of dynamic memory can 
take place. 


NOTE: T,,-Wait cycle added when necessary for slow ancilliary devices. 


Figure 5. Instruction Opcode Fetch 
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CPU Timing (Continued) 


Memory Read or Write Cycles. Figure 6 
shows the timing of memory read or write 


cycles other than an opcode fetch (M1) cycle. 


The MREO and RD signals function exactly 
as in the fetch cycle. In a memory write 
cycle, MREQ also becomes active when the 


READ 
OPERATION 
Do-D7 
wR 
WRITE 
OPERATION 
Do-D7 


address bus is stable. 


The WR line is active when the 

data bus is stable, so that it can be used 
directly as an R/W pulse to most 
semiconductor memories. 


= 
DATA 


DATA OUT 


Figure 6. Memory Read or Write Cycles 
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Z84C00 


CPU Timing (Continued) 


Input or Output Cycles. Figure 7 shows the This extra Wait state allows sufficient time for 
timing for an I/O read or I/O write operation. an I/O port to decode the address from the 
During I/O operations, the CPU port address lines. 


automatically inserts a single Wait state (T,,). 


CLOCK 


uo 


READ 
OPERATION 


uo 
WRITE 
OPERATION 


NOTE. T,* = One Wait cycle automatically inserted by CPU 


Figure 7. Input or Output Cycles 
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CPU Timing (Continued) 


Interrupt Request/Acknowledge Cycle. The During this MI cycle, ТОЙО becomes active 


CPU samples the interrupt signal with the (instead of MREQ) to indicate that the inter- 
rising edge of the last clock cycle at the end rupting device can place an 8-bit vector on 
of any instruction (Figure 8). When an the data bus. The CPU automatically adds 
interrupt is accepted, a special M1 cycle is two Wait states to this cycle. 

generated. 


> C 


= +4 Del |< 
NOTE: 1) Тү = Last state of previous instructior 2) Two Wait cycles automatically inserted by CPU(*). 


Figure 8. Interrupt Request/Acknowledge Cycle 
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CPU Timing (Continued) 


Non-Maskable Interrupt Request Cycle. except that data put on the bus by the 

NMI is sampled at the same time as the memory is ignored. The CPU instead 
maskable interrupt input INT but has higher executes a restart (RST) operation and jumps 
priority and cannot be disabled under to the NMI service routine located at address 
software control. The subsequent timing is 0066H (Figure 9). 


similar to that of a normal instruction fetch 


LAS! M CYCLE -|< ---------- м. —— == 
LAST T TIME n та т т n 


* Although NMI is an asynchronous input, to quarantee its being must occur no iater thar. the rising edge ol the clock cycle 
recognized on the toilowing machine cyce ММГ; falling edge preceding Ті AST 


Figure 9. Non-Maskable Interrupt Request Operation 
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CPU Timing (Continued) 


Bus Reqeust/Acknowledge Cycle. The CPU 
samples BUSREO with the rising edge of the 
last clock period of any machine cycle 

(Figure 10). If BUSREO is active, the CPU ` 
sets its address, data, and МВЕО, IORO, RD, 


and WR lines to a high-impedance state with 
the rising edge of the next clock pulse. At 
that time, any external device can take 
control of these lines, usually to transfer data 
between memory and I/O devices. 


-ue -. | 


BUSACK наннан ES / 


UNCHANGED 


— 


NOTE: Тү = Last state of any M cycle 


Tx= An arbitrary clock cycle used by requesting device. 


Figure 10.Z-Bus Request/Acknowledge Cycle 
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CPU Timing (Continued) 
Halt Acknowledge Cycle. When the CPU 


receives an Halt instruction, it executes NOP 
states until either an INT or NMI input is 
received. When in the Halt state, the HALT 
output is active and remains so until an 
interrupt is processed (Figure 11). 


Reset Cycle. RESET must be active for at 
least three clock cycles for the CPU to 


CLOCK 


HALT 
Halt Instruction 


properly accept it. As long as RESET 
remains active, the address and data buses 
float, and the control outputs are inactive. 
Once RESET goes inactive, three internal T 
cycles are consumed before the CPU 
resumes normal processing operation. RESET 
clears the PC register, so the first opcode 
fetch will be to location 0000 (Figure 12). 


= | 


NOTE: INT will also force a Halt exit. 


*See note, Figure 9. 


Figure 11. Halt Acknowledge Cycle 


CLOCK 


RESET 


Figure 12. Reset Cycle 


CPU Timing (Continued) 


Power Down. When the CPU system clock is 
stopped at either a high or low level, the 
CPU stops its operation and maintains 
registers and control signals. 

However [сс2 Stand-by Supply Current is 
guaranteed only when the supplied system 
clock is stopped at a low level during T4 
state of the following machine cycle (actually 
that is М1 cycle and executes NOP 
instruction) next to OPcode fetch cycle of 
HALT instruction. The timing diagram when 
POWER DOWN function is implemented by 
HALT instruction is shown in Figure 13. 

This function can be easily realized when a 
clock generator controller is connected with 
the CPU. 


Release From Power Down State. The 
system clock must be supplied to the CPU to 
release power down state. 

When the system clock is supplied to the 


OPCODE FETCH 


a CYCLE OF HALT 
INSTRUCTION (MICYCLE) 


T. 
CLK 


CPU CLK terminal, CPU restarts operation 
continuously from the state when power 
down function has been implemented. 


Note the followings when release from power 
down state. 


(1) When external oscillator has been 
stopped to enter power down state, some 
warming-up time may be required to 
obtain precious and stable system clock 
for release from power down state. 


(2) When HALT instruction is executed to 
enter power down state, the CPU will enter 
HALT state. An interrupt signal (NMI 
or INT) or RESET signal must be 
generated after the system clock is 
supplied to release power down state. 
Otherwise the CPU is still in HALT state 
even if the system clock is supplied. 


EXECUTION OF 
NOP (M! CYCLE) 


Figure 13. Timing Diagram of Power Down Function by Halt Instruction 
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AC Characteristics 


784С00 Z84C00A 
Min Max Min Max 
Number Symbol Parameter (ns (ns) (ns) (пз) 
1 TcC Clock Cycle Time 400 DC 250 DC 
2 TwCh Clock Pulse Width (High) 180 DC 110 DC 
3 TwCl Clock Pulse Width (Low) 180 DC 110 DC 
4 eS Clock Fall Time = 30 = 30 
5 TO= Clock Rise Time ———————— — —— 30 —- — ——30— 
6 TdCr(A) Clock t to Address Valid Delay — 145 — 110 
7 ТаА(МВЕОР Address Valid to MREO 1 Delay 125 — 65 — 
8 TdCKMREQf) Clock Ио MREO | Delay ex 100 Ss 85 
9 TdCr(MREQr) Clock 7 to МВЕО 1 Delay — 100 — 85 
10 TwMREQh ———— — MREQ Pulse Width (High) —————— 170 — — —110— — — 
ll TwMREOI MREO Pulse Width (Low) 36° = 20 = 
12 TdCf(MREQr) Clock | to МВЕО 1 Delay = 100 = 85 
13 TdCKRDf) Clock { to RD 1 Delay — 130 — 95 
14 TdCr(RDr) Clock 1 to RD 7 Delay = 100 = 85 
18 TsD(Cr) ———————— Data Setup Time to Clock 1 ——————- 50 — — — 35 — — — 
16 ThD(RDr) Data Hold Time to RD 1 0 = 0 = 
17 TsWAIT(C!) WAIT Setup Time to Clock | 70 = 70 = 
18 ThWAIT(CO£ WAIT Hold Time after Clock | 20 = 10 = 
19 TdCr(MIf) Clock 7 to MI 1 Delay = en == 100 
20 TdCr(Mlr) —————— Clock 1 to MIr Delay ———————— — — 130 — — —100— 
21 TdCr(RFSHf) Clock t to RFSH | Dealy = 180 = 130 
22 TdCr(RFSHr) Clock f to RFSH 1 Delay = wi = 120 
23 TdCf(RDr) Clock | to RD t Delay = 110 = 85 
24 TdCr(RDf) Clock 1 to RD | Dealy = 110 = 85 
25 TsD(Cf) ———————— Data Setup to Clock 1 during ————— 60 — — — 50 — — — 
М2, Мз, М4 or Ms Cycles 
26 TdA(IOROf) Address Stable prior to IORO 1 320 = 180 — 
27 TdCr(IOROf) Clock t to IORO J Delay -- 100 — 75 
28 TdCf(IOROr) Clock | to IORQ 1 Delay — 110 = 85 
29 TdCf(WRf) Data Stable prior to WR | 190 = 80 = 
30 ——— TdDf(WRf) ————— Clock | to WR | Delay ———————- = ——90—— — ——80— 
31 TwWR WR Pulse Width 360 = 220 = 
32 TdCf(WRr) Clock | to WR 1 Delay = 10 — 80 
33 TdD(WRf) Data Stable prior to WR + 20 — 10 -- 
34 TdCr(WRf) Clock t to WR | Delay = 100 = 65 
35 TdWRr(D) — — — Data Stable from WR 1 ————————. 120 — — — 60 — — — 
36 TdCf(HALT) Clock | to HALT Т or 1 — 30 — 30 
37 TwNMI NMI Pulse Width 80 = 80 == 
38 TsBUSREQ(Cr) BUSREQ Setup Time to Clock t 80 = 50 = 
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AC Characteristics (Continued) 


Z84C00 284С00А 
Min Max Min Max 


Number Symbol Parameter (ns) (ns) (ns) (ns) 
39 TcBUSUREQ(Cr) BUSREQ Hold Time after Clock 7 20 — 10 = 
40 TdCr(BUSACKf) ——— Clock 7 to BUSACK | Delay ————- — — 120 — — — 100— 
41 TdCf(BUSACKr) Clock | to BUSACK 7 Delay — 110 — 100 
42 TdCr(Tz) Clock f to Data Float Delay — 90 — 90 
43 TadCr(CTz) Clock f to Control Outputs Float — 110 — 80 

Delay (МВЕО, ТОВО, RD, апа WR) 
44 TdCr(Az) Clock f to Address Float Delay — 110 — 90 
45 TdCTr(A) —————— — МВЕО t, IORO t, RD t, and ———— 160 — — — 80 — — — 
WR 1 to Address Hold Time 
46 TsRESET(Cr) RESET to Clock 1 Setup Time 90 -- 60 -- 
47 ThRESET(Cr) RESET to Clock t Hold Time 20 — 10 — 
48 TsINT£(Cr) INT to Clock 7 Setup Time 80 — 80 — 
49 ThINTr(Cr) INT to Clock t Hold Time 20 - ІШ = 
50 TdMIK(IOROf) ———— MI 1 to IORQ 1 Delay 920-- == — 868— -— 
51 TdCf(IOROf) Clock | to IORO | Delay — 110 — 85 
52 TdCf(IORQr) Clock t to IORQ 1 Delay — 115 — 85 
53 TdCf(D) Clock | to Data Valid Delay — 230 — 150 
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Absolute Maximum Ratings 


Simbol Item Rating 
Усс Усс Supply Voltage with respect to Vss —0.8 to 7V 
Ум Input Voltage —0.5V to Vcc +0.5V 
Pp Power Dissipation (TA = 85°C) 250mW 
TSOLDER Soldering Temperature (Soldering Time 10 sec) 260°C 
Тета Storage Temperature — 65°С to 150°C 
Topp Operating Temperature —40°C to 85°C 


DC Characteristics 


Symbol Parameter Min. Typ. Max Unit Test Conditions 
Үрс Clock Input Low Voltage -0.3 - 0.6 У 
VIHC Clock Input High Voltage Усс —0.6 — Усс +0.3 V 
Уп, Input Low Voltage -0.5 — 0.8 V 
(except CLK) 
Vin Input High Voltage 2.2 — Усс У 
(except CLK) 
VoL Output Low Voltage — — 0.4 V Io, =2.0mA 
Уон! Output High Voltage (1) 2.4 — — V Ioy= -1.6mA 
Уон2 Output High Voltage (2) Усс -0.8 — — V Іон = -2504A 
Пі Input Leakage Current — — +10 ҺА Vsss Vm s Vcc 
lo 3-State Output Leakage — — 10 pA Vss+0.4<Voyts Vcc 
Current in Float 
Іссі Operating Supply Current — 15 28 mA Vec =5V, CLK = AMHz 
Vin = Vcc -0.2V 
Үр.=0.2У 
Ісс2а) Stand-by Supply Current — 0.5 10 pA Усс=5У 
CLK = (1) 
Vit =Усс-0.2У 
Уін-0.2У 


Note (1): Icc2 Stand-by Supply Current is guaranteed only when the supplied clock is stopped at a low level during T4 state of the following 
machine cycle (M1) next to OPcode fetch cycle of HALT instruction. 
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Test Conditions 


ТА = 


— 40°C to +85°C 


Үсс- 5V 41096 
Veg = 0V 


AC test conditions 


m Inputs except CLK (clock) are driven at 
2.4V for a logic "1" and 0.4V for a logic 


Ordering Information 


Type 


284С00 
284С00 
Z84C00 
Z84C00 


B6 
F6 
C6 
K6 


Z84CO0A B6 
Z84CO0A F6 
Z84C00A C6 
Z84CO0A Кб 


Package 


Plastic 

Frit Seal 

Plastic Chip-Carrier 
Ceramic Chip-Carrier 


Plastic 

Frit Seal 

Plastic Chip-Carrier 
Ceramic Chip-Carrier 


Packages (dimension in mm) 


40 Lead Plastic DIP 


“0”. Clock input is driven at Үсс-0.6У for a 
logic “1” and 0.6V for a logic "0". 


m Timing measurements are made at 2.2V 
for a logic "1" and 0.8V for a logic "0". 


All AC parameters assume a load 
capacitance of 100pF 


Temp. Clock Description 


— 40/+ 85°С Z80C Central Processing Unit 
—40/+ 85°C CMOS Version 

-40/%85%С мн 

—40/+85°С 


— 40/ - 85°С 
—40/4 85°С 
— 40/+ 85°С 
—40/+85°С 


4.0 MHz 


141073 
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Packages (Continued) 


40 - Lead Ceramic DIP (Frit-Seal) 


L 1689" | 


POS. F 


44 - Leaded Plastic Chip Carrier 


[am 


44 - Leadless Ceramic Chip Carrier 
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Z80C PIO 
CMOS Version 


Features 


m Provides a direct interface between Z80* 
microcomputer systems and peripheral 
devices. 


m Both ports have interrupt-driven 
handshake for fast response. 


m Four programmable operating modes: 
byte input, byte output, byte input/output 
(Port A only), and bit input/output. 


m Programmable interrupts on peripheral 
status conditions. 


General Description 


The Z80C PIO Parallel I/O Circuit is a 
programmable, dual-port device that 
provides a TTL-compatible interface between 
peripheral devices and the CPU. The CPU 
configures the PIO to interface with a wide 
range of peripheral devices with no other 
external logic. Typical peripheral devices 
that are compatible with the PIO include 
most keyboards, paper tape readers and 
punches, printers, PROM programmers, etc. 

One characteristic of the Z80 peripheral 
controllers that separates them from other 
interface controllers is that all data transfer 
between the peripheral device and the CPU 
is accomplished under interrupt control. 
Thus, the interrupt logic of the PIO permits 
full use of the efficient interrupt capabilities 
of the CPU during I/O transfers. All logic 
necessary to implement a fully nested 
interrupt structure is included in the PIO. 

Another feature of the PIO is the ability to 
interrupt the CPU upon occurrence of 
specified status conditions in the peripheral 
device. For example, the PIO can be 
programmed to interrupt if any specified 
peripheral alarm conditions should occur. 
This interrupt capability reduces the time the 
processor must spend in polling peripheral 
status. 

The Z80C PIO interfaces to peripherals via 
two independent general-purpose I/O ports, 


m Standard Z80 Family bus-request and 
prioritized interrupt-request daisy chains 
implemented without external logic. 


m The eight Port B outputs can drive 
Darlington transistors (1.5 mA at 1.5 V). 


m Single 5 V + 10% Power Supply. 


m Low power consumption: 
2 mA typ at 4 MHz 
Less than 10 дА in Power Down mode. 


m Extended Operating Temperature: 
—40?C to +85°C 


designated Port A and Port B. Each port has 
eight data bits and two handshake signals, 
Ready and Strobe, which control data 
transfer. The Ready output indicates to the 
peripheral that the port is ready for a data 
transfer. Strobe is an input from the 
peripheral that indicates when a data transfer 
has occured. 


DATA 
BUS 


PORTA 


PIO 
CONTROL 


PORT В 


INTERRUPT 
CONTROL 


Figure 1. Logic Functions 
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General Description (Continued) 


Figure 2. Pin Configuration 


Operating Modes. The PIO ports can be 
programmed to operate in four modes: byte 
output (Mode 0), byte input (Mode 1), byte 
input/output (Mode 2) and bit input/output 
(Mode 3). 

In Mode 0, either Port A or Port В can be 
programmed to output data. Both ports have 
output registers that are individually 
addressed by the CPU; data can be written 
to either port at any time. When data is 
written to a port, an active Ready output 
indicates to the external device that data is 
available at the associated port and is ready 
for transfer to the external device. After the 
data transfer, the external device responds 
with an active Strobe input, which generates 
an interrupt, if enabled. 

In Mode 1, either Port A or Port B can be 
configured in the input mode. Each port has 
an input register addressed by the CPU. 
When the CPU reads data from a port, the 
PIO sets the Ready signal, which is detected 
by the external device. The external device 
then places data on the I/O lines and strobes 
the I/O port, which latches the data into the 
Port Input Register, resets Ready, and 
triggers the Interrupt Request, if enabled. 
The CPU can read the input data at any 
time, which again sets Ready. 
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Z840C20 


N.C. NO CONNECTION 


Figure 2a. Chip Carrier Pin Configuration 


Figure 3. 


SYSTEM 
BUSES 


ZCITO: 


ere ` 
ZCITO? INT 
IEO 


PIO in a Typical Z80C Family Environment 


General Description (Continued) 


Mode 2 is bidirectional and uses Port A, 
plus the interrupts and handshake signals 
from both ports. Port B must be set to Mode 
3 and masked off. In operation, Port A is 
used for both data input and output. Output 
operation is similar to Mode 0 except that 
data is allowed out onto the Port A bus only 
when ASTB is Low. For input, operation is 
similar to Mode 1, except that the data input 
uses the Port B handshake signals and the 
Port B interrupt (if enabled). 

Both ports can be used in Mode 3. In this 
mode, the individual bits are defined as 
either input or output bits. This provides up 
to eight separate, individually defined bits 
for each port. During operation, Ready and 
Strobe are not used. Instead, an interrupt is 
generated if the condition of one input 
changes, or if all inputs change. The 


Internal Structure 


The internal structure of the Z80C PIO 
consists of a CPU bus interface, internal 
control logic, Port A I/O logic, Port B I/O 
logic, and interrupt control logic (Figure 4). 
The CPU bus interface logic allows the PIO 
to interface directly to the CPU with no other 
external logic. The internal control logic 
synchronizes the CPU data bus to the 
peripheral device interfaces (Port A and Port 


INTERNAL 
CONTROL 
оос 


CPU / DATA 
INTERFACE 6 


CONTROL 


INTERRUPT 
CONTROL 


INTERRUPT CONTROL LINES 


requirements for generating an interrupt are 
defined during the programming operation; 
the active level is specified as either High or 
Low, and the logic condition is specified as 
either one input active (OR) or all inputs 
active (AND). For example, if the port is 
programmed for active Low inputs and the 
logic function is AND, then all inputs at the 
specified port must go Low to generate an 
interrupt. 

Data outputs are controlled by the CPU 
and can be written or changed at any time. 


m Individual bits can be masked off. 


m The handshake signals are not used in 
Mode 3, Ready is held Low, and Strobe is 
disabled. 


m When using PIO interrupts, the CPU 
interrupt mode must be set to Mode 2. 


B). The two I/O ports (A and B) are virtually 
identical and are used to interface directly to 
peripheral devices. 


Port Logic. Each port contains separate input 
and output registers, handshake control 
logic, and the control registers shown in 
Figure 5. All data transfers between the 
peripheral unit and the CPU use the data 


DATA 
OR CONTROL 
Josse 


PERIPHERAL 
INTERFACE 


DATA 
OR CONTROL 


Josse 


Figure 4. Block Diagram 
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Internal Structure (Continued) 


input and output registers. The handshake 
logic associated with each port controls the 
data transfers through the input and the 
output registers. The mode control register 
(two bits) selects one of the four 
programmable operating modes. 

The control mode (Mode 3) uses the 
remaining registers. The input/output control 
register specifies which of the eight data bits 
in the port are to be outputs and enables 
these bits; the remaining bits are inputs. The 
mask register and the mask control register 
control Mode 3 interrupt conditions. The 
mask register specifies which of the bits in 
the port are active and which are masked or 
inactive. 

The mask control register specifies two 
conditions: first, whether the active state of 
the input bits is High or Low, and second, 
whether an interrupt is generated when any 
one unmasked input bit is active (OR 
condition) or if the interrupt is generated 
when all unmasked input bits are active 
(AND condition). 


Interrupt Control Logic. The interrupt 
control logic section handles all CPU 
interrupt protocol for nested-priority 
interrupt structures. Any device's physical 
location in a daisy-chain configuration 
determines its priority. Two lines (IEI and 
ТЕО) are provided in each PIO to form this 
daisy chain. The device closest to the CPU 
has the highest priority. Within a PIO, Port 
A interrupts have higher priority than those 
of Port B. In the byte input, byte output, or 
bidirectional modes, an interrupt can be 
generated whenever the peripheral requests 
a new byte transfer. In the bit control mode, 
an interrupt can be generated when the 
peripheral status matches a programmed 


value. The PIO provides for complete control 


of nested interrupts. That is, lower priority 
devices may not interrupt higher priority 
devices that have not had their interrupt 
service routines completed by the CPU. 
Higher priority devices may interrupt the 
servicing of lower priority devices. 

If the CPU (in interrupt Mode 2) accepts 
an interrupt, the interrupting device must 


7/85 


provide an 8-bit interrupt vector for the 
CPU. This vector forms a pointer to a 
location in memory where the address of the 
interrupt service routine is located. The 8-bit 
vector from the interrupting device forms the 
least significant eight bits of the indirect 
pointer while the I Register in the CPU 
provides the most significant eight bits of the 
pointer. Each port (A and B) has an 
independent interrupt vector. The least 
significant bit of the vector is automatically 
set to 0 within the PIO because the pointer 
must point to two adjacent memory locations 
‘for a complete 16-bit address. 

Unlike the other Z80C peripherals, the PIO 
does not enable interrupts immediately after 
programming. It waits until М1 goes Low 
(e.g., during an opcode fetch). This 
condition is unimportant in the Z80C 
environment but might not be if another type 
of CPU is used. 

The PIO decodes the RETI (Return From 
Interrupt) instruction directly from the CPU 
data bus so that each PIO in the system 
knows at all times whether it is being 


D 
INPUT! 
OUTPUT 
SELECT 
MODE REGISTER 
CONTROL (8 BITS) 
REGISTER 
( BITS) 
DATA 
OUTPUT 
REGISTER 
(8 BITS) 


&-BIT VO BUS 


HANDSHAKE 
STROBE ( CONTROL 


Figure 5. Typical Port I/O Block Diagram 


Internal Structure (Continued) 


serviced by the CPU interrupt service 
routine. no other communication with the 
CPU is required. 


CPU Bus I/O Logic. The CPU bus interface 
logic interfaces the PIO directly to the CPU, 
so no external logic is necessary. 

For large systems, however, address 
decoders and/or buffers may be necessary. 


Internal Control Logic. This logic receives 
the control words for each port during 


Programming 


Mode 0, 1, or 2. (Byte Input, Output, or 
Bidirectional). Programming a port for Mode 
0, 1, or 2 requires two words per port. These 
words are: 


A Mode Control Word. Selects the port operating 
mode (Figure 6). This word may be written any time. 


An Interrupt Vector. The Z80C PIO is designed for 
use with the Z80C CPU in interrupt Mode 2 (Figure 7). 
When interrupts are enabled, the PIO must provide an 
interrupt vector. 


Mode 3. (Bit Input/Output). Programming a 
port for Mode 3 operation requires a control 
word, a vector (if interrupts are enabled), 
and three additional words, described as 
follows: 


Mp son IDENTIFIES MODE 
CONTROL WORD 
DON'T CARE 
MODE SELECT 


о 0 MÓDEO 
0 1 MODE! 
1 0 MODE2 
1 1 MODES 


Figure 6. Mode Control Word 


[ [os оого | s] s] o | 
IDENTIFIES INTERRUPT 
VECTOR 
USER SUPPLIED INTERRUPT 
VECTOR 


Figure 7. Interrupt Vector Word 


programming and, in turn, controls the 
operating functions of the PIO. The control 
logic synchronizes the port operations, 
controls the port mode, port addressing, 
selects the read/write function, and issues 
appropriate commands to the ports and the 
interrupt logic. The PIO does not receive a 
write input from the CPU; instead, the 

RD, CE, C/D and IORQ signals 


generate the write input internally. 


I/O Register Control. When Mode 3 is selected, the 
mode control word must be followed by another 
control word that sets the I/O control register, which 
in turn defines which port lines are inputs and which 
are outputs (Figure 8). 


Interrupt Control Word. In Mode 3, handshake is not 
used. Interrupts are generated as a logic function of 
the input signal levels. The interrupt control word sets 
the logic conditions and the logic levels required for 
generating an interrupt. Two logic conditions or 
functions are available: AND (if all input bits change 
to the active level, an interrupt is triggered), and OR 
(if any one of the input bits changes to the active 
level, an interrupt is triggered). Bit Dg sets the logic 
function, as shown in Figure 9. The active level of the 
input bits can be set either High or Low. The active 
level is controlled by Bit Ds. 


[оо [оз |%|>|>|о |» 
0 SETS BIT ТО OUTPUT 


1 SETS BIT TO INPUT 


Figure 8. I/O Register Control Word 


IDENTIFIES INTERRUPT 

CONTROL WORD 

Ол = 0 NO MASK WORK FOLLOWS 
04 = 1 MASK WORD FOLLOWS 

Ds = 0 ACTIVE LEVEL IS LOW 

Ds = 1 ACTIVE LEVEL IS HIGH 

De = 0 INTERRUPT ON OR FUNCTION 


De = 1 INTERRUPT ON AND FUNCTION 


D; = 0 INTERRUPT DISABLED 
D; = 1 INTERRUPT ENABLED” 


*NOTE: THE PORT IS NOT ENABLED UNTIL 
THE INTERRUPT ENABLE IS FOLLOWED 
BY AN ACTIVE M1. 


Figure 9. Interrupt Control Word 
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Programming (Continued) 


Mask Control Word. This word sets the mask control 
register, allowing any unused bits to be masked off. If 
any bits are to be masked, then D4 must be set. When 
Dg is set, the next word written to the port must be a 
mask control word (Figure 10). 


MBo-MB; MASK BITS. A 
BIT IS MONITORED FOR AN 
INTERRUPT IF IT 1$ 


DEFINED AS AN INPUT AND 
THE MASK BIT IS SET TO 0. 


Figure 10. Mask Control Word 


Pin Descritpion 


Ао-А). Port A Bus (bidirectional, 3-state). 
This 8-bit bus transfers data, status, or 
control information between Port A of the 
PIO and a peripheral device. Ас is the least 
significant bit of the Port A data bus. 


ARDY. Register A Ready (output, active 
High)., The meaning of this signal depends 
on the mode of operation selected for Port A 
as follows: 


Output Mode. This signal goes active to indicate that 
the Port A output register has been loaded and the 
peripheral data bus is stable and ready for transfer to 
the peripheral device. 


Input Mode. This signal is active when the Port A 
input register is empty and ready to accept data from 
the peripheral device. 


Bidirectional Mode. This signal is active when data is 
available in the Port A output register for transfer to 
the peripheral device. In this mode, data is not placed 
on the Port A data bus, unless ASTB is active. 


Control Mode. This signal is disabled and forced to a 
Low state. 


ASTB. Port A Strobe Pulse From Peripheral 
Device (input, active Low). The meaning of 
this signal depends on the mode of operation 
selected for Port A as follows: 


Output Mode. The positive edge of this strobe is 
issued by the peripheral to acknowledge the receipt of 
data made available by the PIO. 


Interrupt Disable. There is one other control 
word which can be used to enable or disable 
a port interrupt. It can be used without 
changing the rest of the interrupt control 
word. (Figure 11). 


[os [os [os] os] o of 1] +] 


IDENTIFIES INTERRUPT 
DISABLE WORD 
DON'T CARE 


D; = 0 INTERRUPT DISABLE 
D; = 1 INTERRUPT ENABLE 


Figure 11. Interrupt Disable Word 


Input Mode. The strobe is issued by the peripheral to 
load data from the peripheral into the Port A input 
register. Data is loaded into the PIO when this signal 
is active. 


Bidirectional Mode. When this signal is active, data 
from the Port À output register is gated onto the Port 
A bidirectional data bus. The positive edge of the 
strobe acknowledges the receipt of the data. 


Control Mode. The strobe is inhibited internally. 


В,-В;. Рогі В Bus (bidirectional, 3-state). This 
8-bit bus transfers data, status, or control 
information between Port B and a peripheral 
device. The Port B data bus can supply 1.5 
mA at 1.5 V to drive Darlington transistors. 
Bo is the least significant bit of the bus. 


B/A. Port B Or A Select (input, High = B). 
This pin defines which port is accessed 
during a data transfer between the CPU and 
the PIO. A Low on this pin selects Port A; a 
High selects Port B. Often address bit Ag 
from the CPU is used for this selection 
function. 


BRDY. Register B Ready (output, active 
High). This signal is similar to ARDY, except 
that in the Port A bidirectional mode this 
signal is High when the Port A input register 
is empty and ready to accept data from the 
peripheral device. 


7/85 


Pin Description (Continued) 


BSTB. Port B Strobe Pulse From Peripheral 
Device (input, active Low). This signal is 
similar to ASTB, except that in the Port A 
bidirectional mode this signal strobes data 
from the peripheral device into the Port A 
input register. 


C/D. Control Or Data Select (input, 

High = C). This pin defines the type of data 
transfer to be performed between the CPU 
and the PIO. A High on this pin during a 
CPU write to the PIO causes the data bus to 
be interpreted as a command for the port 
selected by the B/A Select line. A Low 

on this pin means that the data bus is being 
used to transfer data between the CPU and 
the PIO. Often address bit A; from the CPU 
is used for this function. 


CE. Chip Enable (input, active Low). A Low 
on this pin enables the PIO to accept 
command or data inputs from the CPU 
during a write cycle or to transmit data to 
the CPU during a read cycle. This signal is 
generally decoded from four I/O port 
numbers for Ports A and B, data, and 
control. 


CLK. System Clock (input). The Z80C PIO 
uses the standard single-phase Z80C system 
clock. 


Do-D,. CPU Data Bus (bidirectional, 3-state). 
This bus is used to transfer all data and 
commands between the CPU and the PIO. 
Do is the least significant bit. 


ТЕ. Jnterrupt Enable In (input, active High). 
This signal is used to form a priority- 
interrupt daisy chain when more than one 
interrupt-driven device is being used. A 
High level on this pin indicates that no other 
devices of higher priority are being serviced 
by a CPU interrupt service routine. 


IEO. /nterrupt Enable Out (output, active 
High). The IEO signal is the other signal 
required to form a daisy chain priority 


scheme. It is High only if IEI is High and the 
CPU is not servicing an interrupt from this 
PIO. Thus this signal blocks lower priority 
devices from interrupting while a higher 
priority device is being serviced by its CPU 
interrupt service routine. 


INT. Interrupt Request (output, open drain, 
active Low). When INT is active the PIO is 
requesting an interrupt from the CPU. 


IORQ. Input/Output Request (input from 
CPU, active Low). IORO is used in conjunc- 
tion with B/A, C/D, CE, and RD to transfer 
commands and data between the CPU and 
the PIO. When CE, RD, and IORO are 
active, the port addressed by B/A transfers 
data to the CPU (a read operation). 
Conversely, when CE and IORO are active 
but RD is not, the port addressed by B/A is 
written into from the CPU with either data or 
control information, as specified by C/D. 
Also, if IORQ and MI are active 
simultaneously, the CPU is acknowledging 
an interrupt; the interrupting port 
automatically places its interrupt vector on 
the CPU data bus if it is the highest priority 
device requesting an interrupt. 


Ml. Machine Cycle (input from CPU, active 
Low). This signal is used as a sync pulse to 
control several internal PIO operations. 
When both the M1 and RD signals are 
active, the CPU is fetching an instruction 
from memory. Conversely, when both MI 
and IORO are active, the CPU is E 
acknowledging an interrupt. In addition, М1 
has two other functions within the PIO: it 
synchronizes the PIO interrupt logic; when 
МІ occurs without an active RD or IORO 
signal, the PIO is reset. 


RD. Read Cycle Status (input from CPU, 
active Low). If RD is active, or an I/O 
operation is in progress, RD is used with B/A, 
C/D, CE, and IORQ to transfer data from the 
PIO to the CPU. 
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Timing т Ta Twa т т, 


The following timing diagrams show 


typical timing in a Z80C CPU environment. ep, ВІА = Geen sae 


For more precise specifications refer to the 


composite ac timing diagram. & \ omg 


Write Cycle. Figure 12 illustrates the timing 


for programming the Z80C PIO or for writing Re EE 


data to one of its ports. No Wait states are 

allowed for writing to the PIO other than the бат = 
automatically inserted Twa. The PIO does 

not receive a specific write signal; it m 

internally generates its own from the lack of SS a EE gem 


an active RD signal. “WR = Вр • СЕ» C/D IORO 
Read Cycle. Figure 13 illustrates the timing Figure 12. Write Cycle Timing 
for reading the data input from an external 5 5 Tox " Т 


device to опе of the PIO ports. No Wait SH Bee Bref Ө fe? 
states are allowed for reading the PIO other 
than the automatically inserted Twa. 


Output Mode (Mode 0). An output cycle 

(Figure 14) is always started by the execution ep 

of an output instruction by the CPU. The --------------”/ 
WR* pulse from the CPU latches the data КЕН 

from the CPU data bus into the selected юна uM WEE = 


port's output register. The МВ“ pulse sets 

the Ready flag after a Low-going edge of RD акан y A 
CLK, indicating data is available. Ready 

stays active until the positive edge of the DATA OUT 
strobe line is received, indicating that data 


was taken by the peripheral. The positive ЕБ. cs ЗИ" жә 


edge of the strobe pulse generates an INT if 


the interrupt enable flip-flop has been set “Ер = RD e CE * C/D IORQ 
and if this device has the highest priority. Figure 13. Read Cycle Timing 
сік 
WR 
PORT 
OUTPUT 


“WR = RD * СЕ * C/D * ТОНО 
Figure 14. Mode 0 Output Timing 
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Timing (Continued) 


Input Mode (Mode 1). When STROBE goes 
Low, data is loaded into the selected port 
input register (Figure 15). The next rising 
edge of strobe activates INT, if Interrupt 
Enable is set and this is the highest-priority 
requesting device. The following falling edge 
of CLK resets Ready to an inactive state, 
indicating that the input register is full and 
cannot accept any more data until the CPU 
completes a read. When a read is complete, 
the positive edge of RD sets Ready at the 
next Low-going transition of CLK. At this 
time new data can be loaded into the PIO. 


Bidirectional Mode (Mode 2). This is a 
combination of Modes 0 and 1 using all four 
handshake lines and the eight Port A I/O 
lines (Figure 16). Port B must be set to the 
bit mode and its inputs must be masked. The 
Port A handshake lines are used for output 
control and the Port B lines are used for 
input control. If interrupts occur, Port Ais 
vector will be used during port output and 
Port B’s will be used during port input. Data 
is allowed out onto the Port A bus only when 


ASTB is Low. The rising edge of this strobe 
can be used to latch the data into the 
peripheral. 


*RD = RD * СЕ» C/D * ОКО 


Figure 15. Mode 1 Input Timing 


“WR = RD • CE * CDe IORQ 


Figure 16. Mode 2 Bidirectional Timing 
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Timing (Continued) 


Bit Mode (Mode 3). The bit mode does not register contains data that was present | 
utilize the handshake signals, and a normal immediately prior to the falling edge of RD. 
port write or port read can be executed at An interrupt is generated if interrupts from 
any time. When writing, the data is latched the port are enabled and the data on the 
into the output registers with the same timing port data lines satisfy the logical equation 
as the output mode (Figure 17). defined by the 8-bit mask and 2-bit mask 
When reading the PIO, the data returned control registers. However, if Port A is 
to the CPU is composed of output register programmed in bidirectional mode, Port B 
data from those port data lines assigned as does not issue an interrupt in bit mode and 
outputs and input register data from those must therefore be polled. 


port data lines assigned as inputs. The input 


сік 


эй УХ шшш у= Хх 
DATA BUS 


DATA MATCH 
OCCURS HERE 


€ 


*Timing Diagram Refers to Bit Mode Read Lm WORD 1 PLACED ON BUS 


Figure 17. Mode 3 Bit Mode Timing 


Interrupt Acknowledge Timing. During MI 


time, peripheral controllers are inhibited E | n | т | Twa | Twa | n | 

from changing their interrupt enable status, eux 

permitting the Interrupt Enable signal to mda 

ripple through the daisy chain. The int ali 

peripheral with IEI High and IEO Low TATEM 
during INTACK places a preprogrammed ва Jess m 
8-bit interrupt vector on the data bus at this ACKNOWLEDGE 
time (Figure 18). IEO is held Low until a m 


Return From Interrupt (RETI) instruction is 


executed by the CPU while IEI is High. The ft, EE 


2-byte RETI instruction is decoded internally 
by the PIO for this purpose. 


Figure 18. Interrupt Acknowledge Timing 
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Timing (Continued) 


Return From Interrupt Cycle. If a Z80C 
peripheral has no interrupt pending and is 
not under service, then its IEO = ТЕГ. If it 
has an interrupt under service (i.e., it has 
already interrupted and received an 
interrupt acknowledge) then its IEO is always 
Low, inhibiting lower priority devices from 
interrupting. If it has an interrupt pending 
which has not yet been acknowledged, IEO 
is Low unles an “ED” is decoded as the first 
byte of a 2-byte opcode (Figure 19). In this 


again. If the second byte of the opcode was 
а "4D", then the opcode was an RETI 
instruction. 

After an “ED” opcode is decoded, only the 
peripheral device which has interrupted and 
is currently under service has its IEI High 
and its IEO Low. This device is the highest- 
priority device in the daisy chain that has 
received an interrupt acknowledge. All other 
peripherals have IEI = IEO. If the next 
opcode byte decoded is "4D", this peripheral 


device resets its “interrupt under service” 
condition. 


case, IEO goes High until the next opcode 
byte is decoded, whereupon it goes Low 


Figure 19. Return From Interrupt 
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Z84C20 


AC Characteristics 


CLOCK 


OUT 


Do-D7 


READY 
(ARDY OR BRDY) 
STROBE 

(ASTB OR BSTB) 


MODEO 


MODE 1 
Ао-Ат 
Bo-B7 


MODE 2 


MODE 3 
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РИЛСЕ 


AC Characteristics (Continued) 


Number Symbol 

1 Tee 

2 TwCh 

3 TwCl 

4 HG 

5 TrC 

6 TsCS(R1) 

T Th 

8 TsRI(C) 

9 TdRI(DO) 
10 ——— TdRI(DOs) 
11 TsDI(C) 

12 TdIO(DOI) 
13 TsMI(Cr) 

14 TsMI(Cf) 

15 TdMI(IEO) 
16 TsIEI(IO) 

17 ‚ TdIEI(IEOf) 
18 TdIEI(IEOr) 
19 TcIO(C) 
20 TdC(RDYr) 
21 TdC(RDYf) 
22 TwSTB 

23 TsSTB(C) 
24 TdIO(PD) 
25 TsPD(STB) 
26 TdSTB(PD) 
27 TdSTB(PDr) 
28 TdPD(INT) 
29 TdSTB(INT) 


Parameter 


Clock Cycle Time 

Clock Width (High) 

Clock Width (Low) 

Clock Fall Time 

Clock Rise Time 

CE, B/A, C/D to RD, IORO 1 Setup Time 
Any Hold Times for Specified Setup Time 
RD, IORQ to Clock 7 Setup Time 
RD, IORQ | to Data Out Delay 

RD, IORO 1 to Data Out Float Delay 
Data In to Clock 7 Setup Time 
TORO | to Data Out Delay 

(INTACK Cycle) 

MI { to Clock t Setup Time 

MI f to Clock | Setup Time 

(MI Cycle) 

MI 1 to IEO 1 Delay (Interrupt 
Immediately Preceding MI 1) 

IEI 1 to IORQ | Setup Time 
(INTACK Cycle) 

ТЕТ 1 to ТЕО 1 Delay 

ТЕГ t to IEO f Delay 

(after ED Decode) 

TORO 7 to Clock | Setup Time 

(To Activate READY on Next Clock Cycle) 
Clock | to READY 1 Delay 

Clock 1 to READY | Delay 

STROBE Pulse Width 

STROBE 7 to Clock | Setup Time 
(To Activate READY on Next Clock Cycle) 
IORQ 1 to PORT DATA Stable 
Delay (Mode 0) 

PORT DATA to STROBE 1 

Setup Time (Mode 1) 

STROBE 1 to PORT DATA 

Stable (Mode 2) 

STROBE 1 to PORT DATA Float 
Delay (Mode 2) 

PORT DATA Match to INT 1 

Delay (Mode 2) 

STROBE 1 to INT 1 Delay 


Z84C20A 
Min Max 
(ns) (ns) 
250 — 

105 — 

105 — 

— 30 

—+—=—=@ o e 

50 — 

40 — 

115 — 

— 380 

— --110- 

50 — 

160 — 

90 —- 

0 се 

-- --190- 

140 — 

— 130 

— 160 

200 — 

— --190- 

— 140 

150 — 
220 — 

— 180 

230 ——— 

— 210 

— 180 

— 490 

— 440 
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Absolute Maximum Ratings 


Symbol Item Rating 
Усс Усс Supply Voltage with respect to Vss —0.8 to 7V 
VIN Input Voltage —0.5V to Voc +0.5V 
Pp Power Dissipation (Тд =85°C) 250 mW 
TSOLDER Soldering Temperature (Soldering Time 10 sec) 260°C 
TsTG Storage Temperature — 65°C to 150°C 
TOPR Operating Temperature — 40°C to 85°C 


DC Characteristics (1) 


Symbol Parameter Min. Typ. Max. Unit Test Conditions 
Упс Clock Input Low Voltage —0.3 — 0.6 V 
Уінс Clock Input High Voltage Усс -0.6 — Усс 40.3 V 
VIL Input Low Voltage -0.5 — 0.8 V 
(except CLK) 
Ун Input High Voltage 2.2 — Усс V 
(except CLK) 
Vor Output Low Voltage — — 0.4 V Io, = 2.0mA 
Уон! Output High Voltage (1) 2.4 — — V Іон--і1.бтА 
Уон2 Output High Voltage (2) Үсс -0.8 V Іон- -2504A 
ІП Input Leakage Current — — +10 pA Vsss Vis Vcc 
Ісі. 3-State Output Leakage — — 10 ҺА Vss+0.4<Vouts Усс 
Current in Float е 
Іссі Operating Supply Current — 2 5 mA Vcc 25V, СІК = AMHz 
Vin = Vcc - 0.2V 
Vir, 2 0.2V 
Ісс2 Stand-by Supply Current — 0.5 10 ҺА Үсс-5У 
СТК =Усс 
Vin = Vcc -0.2V 
Vit =0.2V 
“онр Darlington Drive Current —1.5 — —5.0 mA Voy=1.5V, ВЕхт= 1.19 


Note (1): * Applied to Port В only 
(2) Typical value is specified at 25°C 


Test Conditions 


Тл = —40°C to +85°C 
Усс= 5V +10% 
Vss = OV 


AC test conditions 


ш Inputs except CLK (clock) are driven at 
2.4V for a logic “1” and 0.4V for a logic 
“0”. Clock input is driven at Усс — 0.6V 
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for a logic "1" and 0.6V for a logic “0”. 


m Timing measurements are made at 2.2V 
for a logic “1” and 0.8V for a logic “0”. 


All AC parameters assume a load 
capacitance of 100pF 


Ordering Information 


Type 


Z84C20A B6 
Z84C20A F6 
Z84C20A C6 
Z84C20A K6 


Package 


Plastic 

Frit Seal 

Plastic Chip Carrier 
Ceramic Chip Carrier 


Packages (dimension in mm) 


40 - Lead Plastic DIP 


40 - Lead Ceramic DIP (Frit-Seal) 


Temp. 


— 40/+ 85°С 
—40/ + 85°С 
— 40/+ 85°С 
— 40/ + 85°С 


Clock 


4.0 MHz 


Description 


Z80C Parallel I/O Unit 
CMOS Version 
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Packages (Continued) 


44 - Leaded Plastic Chip Carrier 


44 - Leadless Ceramic Chip Carrier 
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Z80C CTC 
CMOS Version 


Features 


m Four independently programmable 
counter/timer channels, each with a 
readable downcounter and a selectable 16 
or 256 prescaler. Downcounters are 
reloaded automatically at zero count. 


m Three channels have Zero Count/Timeout 
outputs capable of driving Darlington 
transistors. 


m Selectable positive or negative trigger 
initiates timer operation. 


m Standard Z80C Family daisy-chain 


interrupt structure provides fully 


General Description 


The Z80C CTC four-channel counter/timer 
can be programmed by system software for a 
broad range of counting and timing 
applications. The four independently 
programmable channels of the CTC satisfy 
common microcomputer system requirements 
for event counting, interrupt and interval 
timing, and general clock rate generation. 

System design is simplified because the 
CTC connects directly to both the CPU and 
the SIO with no additional logic. In larger 
systems, address decoders and buffers may 
be required. 

Programming the CTC is straightforward: 
each channel is programmed with two bytes; 
a third is necessary when interrupts are 
enabled. Once started, the CTC counts 
down, reloads its time constant automatically, 
and resumes counting. Software timing loops 
are completely eliminated. Interrupt 
processing is simplified because only one 
vector need be specified; the CTC internally 
generates a unique vector for each channel. 

The Z80C CTC requires a single +5 V 
power supply and the standard Z80C single- 
phase system clock. It is fabricated with 


vectored, prioritized interrupts without 
external logic. The CTC may also be 
used as an interrupt controller. 


m Interface directly to the Z80C CPU or-for 
baud rate generation - to the Z80C SIO. 


m Single 5 V + 10% Power Supply. 


m Low Power Consumption: 
3 mA tip. at 4 MHz. 
Less than 10 LÀ in Power Down mode. 


m Extended Operating Temperature: 
— 40°C to +85°C. 


n-channel silicon-gate depletion-load 
technology, and packaged in a 28-pin plastic 
or ceramic DIP. 


CLK/TRG 
сто: 
E: E 
BUS 20791 CHANNEL 
SIGNALS 


CLK/TRG2 
2спо; 


CLK/TRG3 


стс 
CONTROL 
FROM 
СРО 


INTERRUPT 


DAISY 
CHAIN { о 7840630 
CONTROL 


CLK Усс GND 


Figure 1. Logic Functions 
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CLK/TRG; 


Figure 2. Pin Configuration 


Functional Description 


The Z80C CTC has four independent 
counter/timer channels. Each channel is 
individually programmed with two words: a 

: control word and а time-constant word. The 
control word selects the operating mode 
(counter or timer), enables or disables the 
channel interrupt, and selects certain other 
operating parameters. If the timing mode is 
selected, the control word also sets a 
prescaler, which divides the system clock by 
either 16 or 256. The time-constant word is a 
value from 1 to 256. 

During operation, the individual counter 
channel counts down from the preset time 
constant value. In counter mode operation 
the counter decrements on each of the 
CLK/TRG input pulses until zero count is 
reached. Each decrement is synchronized by 
the system clock. For counts greater than 
256, more than one counter can be 
cascaded. At zero count, the down-counter is 
automatically reset with the time constant 
value. 

The timer mode determines time interval 
as small as 4 us (Z80C A) without additional 
logic or software timing loops. Time intervals 
are generated by dividing the system clock 
with a prescaler that decrements a preset 
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20 23 24 25 26 27 28 
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о ор d SIE оо 
ЧЕ ЕЕЕ g 

ш 
< 


М.С. = NO CONNECTION 


Figure 2a. Chip-Carrier Pin Configuration 


down-counter. 

Thus, the time interval is an integral 
multiple of the clock period, the prescaler 
value (16 or 256) and the time constant that 
is preset in the down-counter. A timer is 
triggered automatically when its time 
constant value is programmed, or by an 
external CLK/TRG input. 

Three channels have two outputs that 
occur at zero count. The first output is a 
zero-count/timeout pulse at the ZC/TO 
output. The fourth channel (Channel 3) does 
not have a ZC/TO output; interrupt request 
is the only output available from Channel 3. 
_The second output is Interrupt Request 
(INT), which occurs if the channel has its 
interrupt enabled during programming. 
When CPU acknowledges Interrupt Request, 
the CTC places an interrupt vector on the 
data bus. 

The four channels of the CTC are fully 
prioritized and fit into four contiguous slots 
in a standard Z80C daisy-chain interrupt 
structure. Channel 0 is the highest priority 
and Channel 3 the lowest. Interrupts can be 
individually enabled (or disabled) for each of 
the four channels. 


Architecture 


The CTC has four major elements, as CTC internal priorities, and the interrupt 

shown in Figure 3. control logic places a unique interrupt vector 
on the data bus. 
Е he ge? Uo түзе" If an interrupt is pending, the interrupt 
=й imeem терис logic holds ТЕО Low. When the CPU issues 
d eme wine. — a Return From Interrupt (RETI) instruction, 
ишек нше TEE each peripheral device decodes the first byte 

CPU Bus I/O. The CPU bus ГО circuit (Ер,6). If the device has a pending interrupt, 
decodes the address inputs, and interfaces it raises IEO (High) for one MI cycle. This 
the CPU data and control signals to the CTC ensures that all lower priority devices can 
for distribution on the internal bus. decode the entire RETI instruction and reset 
Internal Control Logic. The CTC internal properly. 
control logic controls overall chip operating Counter/Timer Circuits. The CTC has four 
functions such as the chip enable, reset, and independent counter/timer circuits, each 
read/write logic. containing the logic shown in Figure 4. 


Interrupt Logic. The interrupt control logic 
ensures that the CTC interrupts interface 
properly with the Z80C CPU interrupt system. 
The logic controls the interrupt priority of 
the CTC as a function of the IEI signal. If IEI 
is High, the CTC has priority. During 
interrupt processing, the interrupt logic INTERNAL BUS 
holds IEO Low, which inhibits the interrupt 
operation on lower priority devices. If the IEI 
input goes Low, priority is relinquished and 
the interrupt logic drives IEO Low. 


CHANNEL 
CONTROL 
LOGIC 


TIME 
CONSTANT 
REGISTER 


8-ВІТ 
DOWN- 
COUNTER 


2спо 


If a channel is programmed to request ап CLK/TRG 
interrupt, the interrupt logic drives IEO Low 
at the zero count, and generates an INT Sex 


signal to the CPU. When the CPU responds 
with interrupt acknowledge (M1 and 
IORQ), then the interrupt logic arbitrates the Figure 4. Counter/Timer Block Diagram 


INTERNAL 
CONTROL 
LOGIC 


INTERRUPT 
LOGIC 


Figure 3. Functional Block Diagram 
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Architecture (Continued) 


Channel Control Logic. The channel control 
logic receives the 8-bit channel control word 
when the counter/timer channel is 
programmed. The channel control logic 
decodes the control word and sets the 
following operating conditions: 


Interrupt enable (or disable) 

Operating mode (timer or counter) 
Timer mode prescaler factor (16 or 256) 
Active slope for CLK/TRG input 

Timer mode trigger (automatic or 
CLK/TRG input) 

m Time constant data word to follow 

W Software reset 


Time Constant Register. When the counter/ 
timer channel is programmed, the time 
constant register receives and stores an 8-bit 
time constant value, which can be anywhere 
from 1 to 256 (0 = 256). This constant is 
automatically loaded into the down-counter 
when the counter/time channel is initialized, 
and subsequently after each zero count. 


Prescaler. The prescaler, which is used only 
in timer mode, divides the system clock 
frequency by a factor of either 16 or 256. 


Programming 


Each Z80C CTC channel must be 
programmed prior to operation. 
Programming consists of writing two words to 
the I/O port that corresponds to the desired 
channel. The first word is a control word that 
selects the operating mode and other 
parameters; the second word is a time 
constant, which is a binary data word with a 
value from 1 to 256. A time constant word 
must be preceded by a channel control 
word. 

After initialization, channels may be 
reprogrammed at any time. If updated 
control and time constant words are written 
to a channel during the count operation, the 
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The prescaler output clocks the down- 
counter during timer operation. The effect of 
the prescaler on the down-counter is a 
multiplication of the system clock period by 
16 or 256. The prescaler factor is 
programmed by bit 5 of the channel control 
word. 


Down-Counter. Prior to each count cycle, 
the down-counter is loaded with the time 
constant register contents. The counter is 
then decremented one of two ways, 
depending on operating mode: 


п By the prescaler output (timer mode) 
m By the trigger pulses into the CLK/TRG 
input (counter mode) 


Without disturbing the down-count, the 
CPU can read the count remaining at any 
time by performing an I/O read operation at 
the port address assigned to the CTC 
channel. When the down-counter reaches the 
zero count, the ZC/TO output generates a 
positive-going pulse. When the interrupt is 
enabled, zero count also triggers an 
interrupt request signal (INT) from the 
interrupt logic. 


count continues to zero before the new time 
constant is loaded into the counter. 

If the interrupt on any CTC channel is 
enabled, the programming procedure should 
also include an interrupt vector. Only one 
vector is required for all four channels, 
because the interrupt logic automatically 
modifies the vector for the channel 
requesting service. 

A control word is identified by a 1 in bit 0. 
A 1 in bit 2 indicates a time constant word is 
to follow. Interrupt vectors are always 
addressed to Channel 0, and identified by a 
0 in bit 0. 


Programming (Continued) 


Addressing. During programming, channels 
are addressed with the channel select pins 
CS, and CS). А 2-bit binary code selects the 
appropriate channel as shown in the 
following table. 


Channel CS, CS, 
0 0 


"О-О 


1 0 
2 1 
3 1 


Reset. Тһе СТС has both hardware апа 
software resets. The hardware reset 
terminates all down-counts and disables all 
CTC interrupts by resetting the interrupt bits 
in the control registers. In addition, the 
ZC/TO and Interrupt outputs go inactive, 
IEO reflects ТЕТ, and Do-D7 go to the high- 
impedance state. All channels must be 
completely reprogrammed after a hardware 
reset. 

The software reset is controlled by bit 1 in 
the channel control word. When a channel 
receives a software reset, it stops counting. 
When a software reset is used, the other bits 
in the control word also change the contents 
of the channel control register. After a 
software reset a new time constant word must 
be written to the same channel. 

If the channel control word has both bits 
D; and D; set to 1, the addressed channel 


stops operating, pending a new time constant 
word. The channel is ready to resume after 
the new constant is programmed. In timer 
mode, if D4 = 0, operation is triggered 
automatically when the time constant word is 
loaded. 


Channel Control Word Programming. The 
channel control word is shown in Figure 5. It 
sets the modes and parameters described 
below. 


Interrupt Enable. D; enables the interrupt, 
so that an interrupt output (INT) is generated 
at zero count. Interrupts may be 
programmed in either mode and may be 
enabled or disabled at any time. 


Operating Mode. D, selects either timer or 
counter mode. 


Prescaler Factor. (Timer Mode Only). Ds 
selects factor—either 16 or 256. 


Trigger Slope. D, selects the active edge or 
slope of the CLK/TRG input pulses. Note 
that reprogramming the CLK/TRG slope 
during operation is equivalent to issuing an 
active edge. If the trigger slope is changed 
by a control word update while a channel is 
pending operation in timer mode, the result 
is the same as a CLK/TRG pulse and the 
timer starts. Similarly, if the channel is in 
counter mode, the counter decrements. 


Trigger Mode (Timer Mode Only). D3 selects 
the trigger mode for timer operation. When 


INTERRUPT 

1 ENABLES INTERRUPT 
0 DISABLES INTERRUPT 
MODE 


0 SELECTS TIMER MODE 
1 SELECTS COUNTER MODE 


PRESCALER VALUE* 
1 = VALUE OF 256 
0 = VALUE OF 16 


CLK/TRG EDGE SELECTION 
0 SELECTS FALLING EDGE 
1 SELECTS RISING EDGE 


L. CONTROL OR VECTOR 
0 = VECTOR 
1 = CONTROL WORD 
RESET 


0 = CONTINUED OPERATION 
1 = SOFTWARE RESET 


TIME CONSTANT 
0 = NO TIME CONSTANT FOLLOWS 
1 = TIME CONSTANT FOLLOWS 


TIMER TRIGGER* 

0 = AUTOMATIC TRIGGER WHEN 
TIME CONSTANT IS LOADED 

1 = CLK/TRG PULSE STARTS TIMER 


"TIMER MODE ONLY 


Figure 5. Channel Control Word 
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Programming (Continued) 


D3 is reset to 0, the timer is triggered 
automatically. The time constant word is 
programmed during an I/O write operation, 
which takes one machine cycle. At the end 
of the write operation there is a setup delay 
of one clock period. The timer starts 
automatically (decrements) on the rising 
edge of the second clock pulse (Tz) of the 
machine cycle following the write operation. 
Once started, the timer runs continuously. At 
zero count the timer reloads automatically 
and continues counting without interruption 
or delay, until stopped by a reset. 

When D; is set to 1, the timer is triggered 
externally through the CLK/TRG input. The 
time constant word is programmed during an 
I/O write operation, which takes one 
machine cycle. The timer is ready for 
operation on the rising edge of the second 
clock pulse (T2) of the following machine 
cycle. Note that the first timer decrement 
follows the active edge of the CLK/TRG 
pulse by a delay time of one clock cycle if a 
minimum setup time to the rising edge of 
clock is met. If this minimum is not met, the 
delay is extended by another clock period. 
Consequently, for immediate triggering, the 
CLK/TRG input must precede Т; Бу опе 
clock cycle plus its minimum setup time. If 
the minimum time is not met, the timer will 
start on the third clock cycle (T3). 

Once started the timer operates 
continuously, without interruption or delay, 
until stopped by a reset. 


Time Constant to Follow. A 1 in D; indicates 
that the next word addressed to the selected 
channel is a time constant data word for the 
time constant register. The time constant 
word may be written at any time. 

A 0 in D; indicates no time constant word 
is to follow. This is ordinarily used when the 
channel is already in operation and the new 
channel control word is an update. A 
channel will not operate without a time 
constant value. The only way to write a time 
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constant value is to write a control word 
with D; set. 


Software Reset. Setting Dj to 1 causes a 
software reset, which is described in the 
Reset section. 


Control Word. Setting Dp to 1 identifies the 
word as a control word. 


Time Constant Programming. Before a 
channel can start counting it must receive a 
time constant word from the CPU. During 
programming or reprogramming, a channel 
control word in which bit 2 is set must 
precede the time constant word to indicate 
that the next word is a time constant. the 
time constant word can be any value from 1 
to 256 (Figure 6). Note that 0016 is 
interpreted as 256. 

In timer mode, the time interval is 
controlled by three factors: 


W The system clock period (¢) 
m The prescaler factor (P), which multiplies 
the interval by either 16 or 256 


ш The time constant (T), which is 
programmed into the time constant 
register. 


Consequently, the time interval is the 
product of $ x Px T. The minimum timer 
resolution is 16x ф (4 us with a 4 MHz 
clock). The maximum timer interval is 
256 x $ x 256 (16.4 ms with a 4 MHz clock). 


For longer intervals timers may be cascaded. 


TC; il TCo 
тс TC: 
TCs тс; 


TC4 тсз 


Figure 6. Time Constant Word 


Programming (Continued) 


Interrupt Vector Programming. If the CTC 
has one or more interrupts enabled, it can 
supply interrupt vectors to the CPU. To do 
so, the CTC must be pre-programmed with 
the most-significant five bits of the interrupt 
vector. Programming consists of writing a 
vector word to the I/O port corresponding to 
the CTC Channel 0. Note that Dg of the 
vector word is always zero, to distinguish the 
vector from a channel control word. D; and 
D2 are not used in programming the vector 
word. These bits are supplied by the 
interrupt logic to identify the channel 


Pin Description 


CE. Chip Enable (input, active Low). When 
enabled the CTC accepts control words, 
interrupt vectors, or time constant data words 
from the data bus during an I/O write cycle; 
or transmits the contents of the down-counter 
to the CPU during an I/O read cycle. In 
most applications this signal is decoded from 
the eight least significant bits of the address 
bus for any of the four I/Q port addresses 
that are mapped to the four counter-timer 
channels. 


CLK. System Clock (input). Standard 
singlephase Z80C system clock. 


CLK/TRG)-CLK/TRG3. External Clock/Timer 
Trigger (input, user-selectable active High or 
Low). Four pins corresponding to the four 
CTC channels. In counter mode, every 
active edge on this pin decrements the 
down-counter. In timer mode, an active edge 
starts the timer. 


CS,-CS,. Channel Select (inputs active 
High). Two-bit binary address code selects 
one of the four CTC channels for an I/O 
mm or read (usually connected to Ag and 
1). 
Dg-D;. System Data Bus (bidirectional, 
3-state). Transfers all data and commands 
between the CPU and the CTC. 


requesting interrupt service with a unique 
interrupt vector (Figure 7). Channel 0 has 
the highest priority. 


AT 0 = INTERRUPT VECTOR WORD 


= 
йр 1 = CONTROL WORD 
BY USER 
CHANNEL IDENTIFIER 
(AUTOMATICALLY INSERTED 
BY CTC) 
002 CHANNEL 0 
0 1 = CHANNEL 1 
1 0 = CHANNEL 2 
1 1 = CHANNEL 3 


Figure 7. Interrupt Vector Word 


SYSTEM 
BUSES 


Figure 8. A Typical Z80C Environment 
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Pin Description (Continued) 


ТЕТ. Interrupt Enable In (input, active High). 
A High indicates that no other interrupting 
devices of higher priority in the daisy chain 
are being serviced by the CPU. 


ТЕО. Interrupt Enable Out (output, active 
High). High only if IEI is High and the CPU 
is not servicing an interrupt from any CTC 
channel. IEO blocks lower priority devices 
from interrupting while a higher priority 
interrupting device is being serviced. 


INT. Jnterrupt Regeust (output, open drain, 
active Low). Low when any CTC channel 
that has been programmed to enable 
interrupts has a zero-count condition in its 
down-counter. 


IORQ. Input/Output Request (i (input from 
CPU, active Low). Used with CE and RD to 
transfer data and channel control words 
between the CPU and the CTC. During a 
write cycle IORQ and CE are active and 
RD inactive. The CTC does not receive a 
specific write signal; rather, it internally 
generates its own from the inverse of an 
active RD signal. In a read cycle, IORO, 
CE and RD are active; the contents of the 
of the down-counter are read by the CPU. If 
IORQ and MI are both true, the CPU is 


Timing 


Read Cycle Timing. Figure 9 shows read 
cycle timing. This cycle reads the contents of 
a down-counter without disturbing the count. 
During clock cycle Tz, the CPU initiates a 
read cycle by driving the following inputs 
Low: RD, IORQ, and CE. А 2-bit binary 
code at inputs СЗ; and CS; selects the 
channel to be read. M1 must be High to 
distinguish this cycle from an interrupt 
acknowledge. No additional wait states are 
allowed. 
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acknowledging an interrupt request, and the 
highest priority interrupting channel places 
its interrupt vector on the data bus. 


МІ. Machine Cycle One (input from CPU, 
active Low). When M1 and IORQ are active, 
the CPU is acknowledging an interrupt. The 
CTC then places an interrupt vector on the 
data bus if it has highest priority, and if a 
channel has requested an interrupt (INT). 


RD. Read Cycle Status (input, active Low). 
Used in conjunction with ТОНО and CE to 
transfer data and channel control words 
between the CPU and the CTC. 


RESET. Reset (input active Low). Terminates 
all down-counts and disables all interrupts by 
resetting the interrupt bits in all control 
registers; the ZC/TO and the Interrupt 
outputs go inactive; IEO reflects ТЕГ; Do-D; 
go to the high-impedance state. 


ZC/TO,-ZC/TO,. Zero Count/Timeout 
(output, active High). Three ZC/TO pins 
corresponding to CTC channels 2 through 0 
(Channel 3 has no ZC/TO pin). In both 
counter and timer modes the output is an 
active High pulse when the down-counter 
decrements to zero. 


eg OUT 


Figure 9. Read Cycle Timing 


Timing (Continued) 


Write Cycle Timing. Figure 10 shows write 
cycle timing for loading control, time 
constant or vector words. 

The CTC does not have a write signal 
input, so it generates one internally when the 
read (RD) input is High during Тү. During 
Т IORQ and CE inputs аге Low. МІ must be 
High to distinguish a write cycle from an 
interrupt acknowledge. A 2-bit binary code 
at inputs CS; and CS; selects the channel to 
be addressed, and the word being written is 
placed on the data bus. The data word is 
latched into the appropriate register with the 
rising edge of clock cycle T3. 


о И ани 


Figure 10. Write Cycle Timing 


Timer Operation. In the timer mode, a 
CLK/TRG pulse input starts the timer (Figure 
11) on the second succeeding rising edge of 
CLK. The trigger pulse is asynchronous and 
it must have a minimum width. A minimum 
lead time (210 ns) is required between the 
active edge of the CLK/TRG and the next 
rising edge of CLK to enable the prescaler 


on the following clock edge. If the CLK/TRG 
edge occurs closer than this, the initiation of 
the timer function is delayed one clock 
cycle. This corresponds to the startup timing 
discussed in the programming section. The 
timer can also be started automatically if so 
programmed by the channel control word. 


CLK/TRG 


INTERNAL 
TIMER 


START TIMING 


Figure 11. Timer Mode Timing 


Counter Operation. In the counter mode, 
the CLK/TRG pulse input decrements the 
downcounter. The trigger is asynchronous, 
but the count is synchronized with CLK. For 
the decrement to occur on the next rising 
edge of CLK, the trigger edge must precede 
CLK by a minimum lead time as shown in 
Figure 12. If the lead time is less than 
specified, the count is delayed by one clock 
cycle. The trigger pulse must have a 
minimum width, and the trigger period must 
be at least twice the clock period. 

The ZC/TO output occurs immediately 
after zero count, and follows the rising CLK 
edge. 


<ш 


За 


Figure 12. Counter Mode Timing 


CLK/TRG 


INTERNAL 
COUNTER 


тсіто 
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Interrupt Operation 


The CTC follows the Z80C system interrupt 
protocol for nested priority interrupts and 
return from interrupt, wherein the interrupt 
priority of a peripheral is determined by its 
location in a daisy chain. Two lines—IEI and 
IEO—in the CTC connect it to the system 
daisy chain. The device closest to the +5 V 
supply has the highest priority (Figure 13). 
For additional information on the Z80C 
interrupt structure, refer to the 280 CPU 
Technical Manual. 

HIGHEST PRIORITY LOWEST PRIORITY 

DEVICE DEVICE 


+5V DEVICE 0 DEVICE 1 DEVICE 2 DEVICE 2 
Figure 13. Daisy-Chain Interrupt Priorities 


Within the CTC, interrupt priority is 
predetermined by channel number: Channel 
О has the highest priority, and Channel 3 the 
lowest. If a device or channel is being 
serviced with an interrupt routine, it cannot 
be interrupted by a device or channel with 
lower priority until service is complete. 
Higher priority devices or channels may 
interrupt the servicing of lower priority 
devices or channels. 

A CTC channel may be programmed to 
request an interrupt every time its down- 
counter reaches zero. Note that the CPU 
must be programmed for interrupt mode 2. 
Some time after the interrupt request, the 
CPU sends an interrupt acknowledge. The 
CTC interrupt control logic determines the 
highest priority channel that is requesting an 
interrupt. Then, if the CTC IEI input is High 
(indicating that it has priority within the 
system daisy chain) it places an 8-bit 
interrupt vector on the system data bus. The 
high-order five bits of this vector were 
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written to the CTC during the programming 
process; the next two bits are provided by 
the CTC interrupt control logic as a binary 
code that identifies the highest priority 
channel requesting an interrupt; the low- 
order bit is always zero. 


Interrupt Acknowledge Timing. Figure 14 
shows interrupt acknowledge timing. After 
an interrupt request, the CPU sends an 
interrupt acknowledge (M1 and IORO). All 
channels are inhibited from changing their 
interrupt request status when M1 is active— 
about two clock cycles earlier than IORQ. 
RD is High to distinguish this cycle from an 
instruction fetch. 

The CTC interrupt logic determines the 
highest priority channel requesting an 
interrupt. If the CTC interrupt enable input 
(IEI) is High, the highest priority 
interrupting channel within the CTC places 
its interrupt vector on the data bus when 
IORQ goes Low. Two wait states (Twa) are 
automatically inserted at this time to allow 
the daisy chain to stabilize. Additional wait 
states may be added. 


IE! 
———— 00 Ме 
олт К и }— 


Figure 14. Interrupt Acknowledge Timing 


Interrupt Operation (Continued) 


Return from Interrupt Timing. At the end of 
an interrupt service routine the RETI (Return 
From Interrupt) instruction initializes the 
daisy chain enable lines for proper control of 
nested priority interrupt handling. The CTC 
decodes the 2-byte RETI code internally and 
determines whether it is intended for a 
channel being serviced. Figure 15 shows 
RETI timing. 


If several Z80C peripherals are in the daisy 
chain, IEI settles active (High) on the chip 
currently being serviced when the opcode 
ЕР is decoded. If the following opcode is 
4р6, the peripheral being serviced is 
released and its IEO becomes active. 
Additional wait states are allowed. 


Figure 15. Return From Interrupt Timing 
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AC Characteristics 


INTERRUPT 
ACKNOWLEDGE 
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AC Characteristics (Continued) 


Z84C30A 
Min Max 
Number Symbol Parameter (ns) (ns) 
1 TcC Clock Cycle Time 250 — 
2 TwCh Clock Width (High) 105 — 
3 TwCl Clock Width (Low) 105 — 
4 TIC Clock Fall Time — 30 
B TrC ——— — — — Clock Rise Time ——————————————— — ——— 30 —— 
6 Th All Hold Times 0 — 
7 TsCS(C) CS to Clock t Setup Time 160 — 
8 TsCE(C) CE, to Clock t Setup Time 150 — 
9 TsIO(C) TORQ 1 to Clock 7 Setup Time 115 = 
10 TsRD(C) ——————— RD, 1 to Clock 7 Setup Time —————— 115 —— — —— 
1 TdC(DO) Clock 7 to Data Out Delay — 200 
12 TdC(DOz) Clock | to Data Out Float Delay — 110 
13 TsDI(C) Data In to Clock 7 Setup Time 50 — 
14 TsMI(C) MI to Clock 7 Setup Time 90 — 
15 TdMI(IEO) — — — MI | to IEO 1 Delay (Interrupt —————— — —— 190 — 
Immediately Preceding MI) 
16 TdIO(DOI) TORO 1 to Data Out Delay = 160 
(INTA Cycle) 
17 TdIEI(IEOf) ТЕГ 1 to IEO 1 Delay — 130 
18 TdIEI(IEOr) TEI f to IEO 7 Delay — 160 
(After ED Decode) 
19 TdC(INT) Clock 7 to INT | Delay -- (1)TcC 
+140 
20 TdCLK(INT) ——— — — CLK/TRG î to INT | ——————————— — (2) — 
tsCTR(C) satisfied — ТсС +160 
tsCTR(C) not satisfied — 2TcC+370 
21 TcCTR CLK/TRG Cycle Time (2) 2TcC 
22 TrCTR CLK/TRG Rise Time — 50 
23 ТЕСТЕ CLK/TRG Fall Time — 50 
24 TwCTRI CLK/TRG Width (Low) 200 — 
25 TwCTRh ———— — ——— CLK/TRG Width (High) —————————— 200 —— — —— 
26 TsCTR(Cs) CLK/TRG 1 to Clock 7 Setup (2) 210 — 
Time for Immediate Count 
21 TsCTR(Cs) CLK/TRG 1 to Clock 7 Setup (1) 210 — 
Time for enabling of Prescaler 
on following clock f 
28 TdC(ZC/TOr) Clock 1 to ZC/TO 1 Delay — 190 
29 TdC(ZC/TOf) Clock 1 to ZC/TO 1 Delay — 190 
Notes: (1) Timer mode 


(2) Counter mode 
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Absolute Maximum Ratings 


Symbol 


TsOLDER 


Tore 
TOPR 


Усс Supply Voltage with respect to Vsg 


Input Voltage 


Power Dissipation (Ta = 85°С) 


Item 


Soldering Temperature (Soldering Time 10 sec.) 


Storage Temperature 
Operating Temperature 


DC Characteristics (1) 


Symbol 


loup 


Parameter 


Clock Input Low Voltage 
Clock Input High Voltage 
Input Low Voltage 
(except CLK) 

Input High Voltage 
(except CLK) 

Output Low Voltage 
Output High Voltage (1) 
Output High Voltage (2) 
Input Leakage Current 
3-State Output Leakage 
Current in Float 
Operating Supply Current 


Stand-by Supply Current 


Darlington Drive Current (1) 


Min. Typ. Max. 
—0.3 — 0.6 
Voc - 0.6 — Voc «0.3 
-0.5 — 0.8 
2.2 — Усс 
— — 0.4 
2.4 — — 
Усс-0.8 
— — +10 
— — +10 
- 3 7 
— 0.5 10 
—1.5 — —5.0 


Note (1): Applied to ZC/T0g, ZC/TO; and ZC/T0;. 


Test Conditions 


Ta 
Voc 
Vss 


Won og 


—40?C To +85°C 
5 V + 10% 


AC test Conditions 


m Inputs except CLK (clock) are driven at 
2.4 V for a logic "1" and 0.4 V for a 
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Unit 


pA MEC ME аа 


8 
D 


x 


Rating 


—0.5V to 7V 
-0.5У to Voc + 0.5V 
250mW 
260°C 
—65°С to 150°C 
— 40°C to 85°C 


Test Conditions 


Vsss mz Vcc 
Vss *0.4 sVour zVocc 


Voc 25V, СІК = 4MHz 
Vin = Voc -0.2V 

Vu =0.2V 

Voc =5V 

CLK =Усс 

Vin = Voc - 0.2V 

Vip, 2 0.2V 

Уон =1.5V, Rgxr- 1.1kQ 


logic "0". Clock input is driven at 
Voc — 0.6 V for a logic "1" and 0.6 V for 


a logic “0”. 


m Timing measurements are made at 2.2 V 
for a logic "1" and 0.8 V for a logic "0". 


All AC parameters assume a load 
capacitance of 100 pF. 


Ordering Information 


Type Package Temp. Clock Description 

Z84C30A B6 Plastic —40/+85°C Y Z80C Counter Timer Control 
Z84C30A F6 Frit Seal — 40/+85°С 4 MH CMOS Version 

7ВАСЗОА C6 Plastic Chip Carrier —40/+85°С А 

Z84C30A Кб Сегатіс Сһір Саггіег — 40/ + 85°С 


Packages (dimension in mm) 


28 - Lead Plastic DIP 


14,1072" 


28 - Lead Ceramic DIP (Frit-Seal) 
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Packages (Continued) 


44 - Leaded Plastic Chip Carrier 


44 - Leadless Ceramic Chip Carrier 
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